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FOREWORD 


i  The  Quarterly  Bulletin  is  designed  primarily  for  the  information  of  Canadian 

industry,  universities,  and  government  departments  and  agencies.  It  provides  a  regular 
'  review  of  the  interests  and  current  activities  of  two  Divisions  of  the  National  Research 

I  CouncU  Canada: 

I 

Division  of  Mechanical  Engineering 
National  Aeronautical  Establishment 

Some  of  the  work  of  the  two  Divisions  comprises  classified  projects  that  may 
not  be  freely  reported  and  contractual  projects  of  limited  general  interest.  Other  work, 
not  generally  reported  herein,  includes  calibrations,  routine  analyses  and  the  testing  of 
proprietary  products. 

Comments  or  enquiries  relating  to  any  matter  published  in  this  Bulletin  should 
be  addressed  to:  DME/NAE  Bulletin,  National  Research  Council  Canada,  Ottawa, 
Ontario,  KIA  0R6,  mentioning  the  number  of  the  Bulletin. 


AVANT-PROPOS 


Le  Bulletin  trimestriel  est  con^u  en  premier  lieu  pour  I’information  de  I’indus- 
trie  Canadienne,  des  universites,  des  agences  et  des  departements  gouvemementaux. 
II  foumit  une  revue  reguliere  des  interets  et  des  activites  actuelles  auxquels  se  consacrent 
deux  Divisions  du  Conseil  national  de  recherches  Canada: 

Division  de  genie  mecanique 
Etablissement  aeronautique  national 

Quelques  uns  des  travaux  des  deux  Divisions  comprennent  des  projets  classi¬ 
fies  qu’on  ne  peut  pas  rapporter  librement  et  des  projets  contractuels  d’un  interet  general 
limite.  D’autres  travaux,  non  rapportes  ci-apres  dans  I’ensemble,  incluent  des  etalonnages, 
des  analyses  de  routine,  et  I’essai  de  produits  de  specialite. 

Veuillez  adresser  tout  commentaire  et  toute  question  ayant  rapport  a  un  sujet 


quelconque  public  dans  ce  Bulletin  a:  DME/NAE  Bulletin,  Conseil  national  de  recherches 
Canada,  Ottawa,  Ontario,  KIA  0R6,  en  faisant  mention  du  numero  du  Bulletin. 
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INTRODUCTION 

Natural  gas  has  become  a  very  important  form  of  energy'  in  North  America,  and  vast  net¬ 
works  of  pijH'lines  have  been  built  to  transiwrl  this  gas  to  a  continent  wide  market.  The  complexity 
of  the  networks  and  the  advantages  of  high  pumping  pressures  have  rt'quirt'd  considerable  engineering 
effort  to  ensure  safe  ami  reliable  oiH>ration.  ^"hen  the  lines  and  pumping  facilities  were  first  installed, 
they  were  designc*d  using  the  available  technology  in  the  light  of  the  current  gas  costs.  As  the  market 
grew,  more  loops  were  added,  and  new  pumping  equipment  in  the  form  of  gas  turbines  became  avail¬ 
able  and  were  used.  This  has  resulted  in  very  complex  pumping  systems  involving  large  blocks  of 
power,  with  widely  differing  operating  characteristics,  to  create  operational  and  control  problems 
unique  to  multi-loop,  multi-compressor  gas  transmission  systems. 

One  example  of  a  control  problem  results  from  operation  of  compressors  in  parallel.  The 
problem  is  that  one  of  the  oj^erating  units  can  gradually  pump  increasingly  more  flow  thiui  the  others. 
The  “starved”  units  then  run  gradually  closc>r  to  their  surge  limits  until  an  emergency  shutdown  of 
that  unit  is  required.  This  results  in  a  further  loading  of  the  hogging  unit  until  it  reaches  an  operating 
limit. 


Control  of  these  multi-unit  pumping  stations  clearly  requires  control  strategies  which,  in 
the  first  instance,  allow  each  of  the  units  to  operate  with  the  other  units  in  various  configurations. 
The  control  should  also  attempt  to  optimize  the  operation  of  the  station  with  respect  to  fuel  usage 
where  the  advantage  can  be  appreciated  by  noting  that  TransCanada  PipeLines  themselves  consumed 
$48.5  million  worth  of  fuel  in  1976.  Thus  even  small  improvements  in  station  efficiency  can  reap 
large  returns.  Better  station  control  together  with  other  operational  and  design  improvements  can 
play  an  important  part  in  lowering  fuel  costs. 

This  paper  describes  a  minicomputer  based  controller  which  was  designed  for  gas  pipeline 
station  control.  The  controller  has,  to  date,  been  installed  in  the  10  most  complex  stations  of  the 
TCPL  network.  The  paper  reviews  the  development  of  the  controller  and  highlights  the  role  played 
by  computer  models  and  simulation  techniques  during  its  development. 

HISTORICAL  BACKGROUND 

In  1967,  TransCanada  PipeLines  Ltd.  were  operating  a  3,000-mile  pipeline  transporting 
natural  gas  from  Alberta  to  Quebec.  At  that  time  it  was  the  largest  pipeline  in  the  world  with  48 
compressor  stations  located  at  50  to  60-mile  intervals  along  the  route  shown  in  Figure  1 .  By  then  the 


t  PtcscntcU  at  the  Canadian  Conl'etencc  on  Automatic  Contro).  McOill  Itnnersity.  May  1979. 
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system  had  been  expanded  to  four  loops  and  the  first  station  at  the  Alberta/Saskatchewan  border 
incorporated  six  reciprocating  compressors  and  five  centrifugal  compressors  representing  more  than 
75,000  installwl  horsepower.  Station  control  was  accomplished  by  an  operator  who  monitored  the 
station  requirements  and  each  unit  and  made  adjustments  or  brought  units  on  or  off  line  as  required. 

At  that  time  a  group  of  engineers  from  TransCanada,  the  National  Research  Council  and 
Graham  F.  Crate  Ltd.  met  to  consider  station  control  problems.  It  was  quickly  recognized  that  devel¬ 
opment  of  new  station  controls  must  be  evolutionary  in  nature,  in  order  that  each  step  could  be 
c!  ‘cktHf  out  in  the  field  to  insure  a  safe  transition  to  new  hardware  and  associated  new  operational 
procedures. 

Two  key  decisions  were  made  at  the  beginning  of  the  project.  First,  a  review  of  the  func¬ 
tional  requirements  for  station  control  was  required  in  order  to  devise  an  appropriate  control  policy. 
The  second  and  equally  important  decision  was  to  develop  computer  models  of  the  stations  in  order 
that  simulated  trials  could  be  used  to  evaluate  new  control  ideas  and  checkout  resulting  hardware. 

PIPELINK  CONTROL  POLICY 

Pipeline  control  is  concerned  with  two  main  operations.  At  a  strategic  level,  overall  pipeline 
considerations  establish  station  setpoints  appropriate  to  current  delivery  requirements  and  available 
station  units.  Each  station  must  then  control  its  machines  to  achieve  these  station  setpoints. 

In  the  TCPL  network,  central  control  is  from  the  main  offices  in  Toronto.  Real  time  data 
from  the  stations  is  telemetered  to  the  gas  control  center  where  a  Gas  Control  Operator  decides  how 
best  to  run  the  pipeline.  An  IBM  370/148  is  used  to  run  static  models  of  the  pipeline  in  order  to 
predict  the  effect  of  any  changes  to  the  station  setpoints  as  an  aid  to  this  decision  process. 

At  the  station  level,  the  control  of  the  pumping  units  is  complicated  by  the  wide  variety 
of  machinery  types  which  can  exist.  Each  pumping  unit  can  have  different  pressure  and  horsepower 
limits  from  its  neighbours  and  yet  may  have  to  operate  in  parallel  with  them.  Each  can  have  a  number 
of  other  units  in  series  or  parallel,  and  each  must  be  controlled  so  as  to  contribute  positively  to  the 
overall  station  performance.  A  typical  station  layout  is  shown  in  Figure  2.  This  particular  station 
incorporates  29  valves;  each  combination  of  valve  setting  represents  another  station  state  which  in 
turn  affects  overall  station  performance.  Figure  3  is  an  overview  of  the  station  controller  task  for  this 
same  station. 

The  station  control  policy  arrived  at  can  be  viewed  as  a  hierarchical  arrangement  of  tasks 
as  shown  in  Figure  4.  The  most  basic  control  parameter  is  unit  speed  and,  at  the  lowest  level,  the 
unit  control  closes  the  governor  loop  on  each  unit’s  speed  control.  Each  speed  setpoint  is  established 
by  the  next  level  of  controller  task  which  attempts  to  control  station  throughput  in  response  to 
changing  demands.  For  parallel  operation,  a  decision  must  be  made  as  to  how  the  unit’s  setpoint  will 
be  manipulated  to  achieve  the  new  station  throughput.  This  decision  dejiends  on  what  fraction  of  the 
station  flow  is  to  be  contributed  by  each  unit  and  how  well  that  unit  is  doing  in  carrying  its  required 
share  of  this  flow. 

The  flow  split  among  the  units  of  the  station  is  established  in  the  best  way  by  the  next 
level  of  task,  the  station  optimizer.  This  task  monitors  the  current  station  status  and  determines  if 
some  different  flow  split  will  achieve  the  current  station  condition  with  less  expenditure  of  fuel. 
That  this  may  be  true  is  due  to  the  different  efficiencies  of  each  unit  and  to  the  dependence  of  unit 
efficiency  on  current  operating  conditions.  Unit  performance  information  is  observed  from  the  next 
higher  level  of  the  hierarchy  in  the  form  of  computer  models.  The  optimizer  makes  use  of  these 
models  to  search  for  a  better  load  sharing  split.  Model  validity  is  maintained  by  continually  moni¬ 
toring  all  unit  behaviour,  validating  the  measurements  through  a  sophisticated  combination  of  gas 
path  analysis  and  trending  of  key  variables  for  each  unit. 

The  telemetry  task  provides  for  the  communication  with  the  central  pijieline  control  by 
sending  the  status  information  required  and  receiving  the  current  station  objectives. 
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Finally,  overst^'ing  all  of  these  tasks  is  the  station  oi)erator.  As  does  an  airline  pilot  during 
flight,  the  station  o|>erator  interacts  with  the  system  by  monitoring  activity,  making  use  of  any  of  the 
automatic  modes  available  and  providing  the  overriding  judgement  necessary  for  effective  station 
control.  He  is  aidtHl  by  an  information  display  task  which  provides  him  with  convenient  access  to  the 
status  of  the  system. 

C'ONTKOL  SYSTKM  DKVKLOPMKNT 

The  development  of  new  controls  for  as  complex  and  as  potentially  dangerous  a  system  as  a 
gas  pipeline  is  best  done  in  a  test  environment  which  is  very  tolerant.  Bt'fore  any  new  controller  was 
installed  in  the  field  it  was  consideretl  cost  effective  to  ship  the  controller  to  the  computer  model  of 
the  station  it  was  to  control,  and  (H‘rform  some  of  the  commissioning  work  using  this  dynamic  com¬ 
puter  model. 

COMPONKNT  MODELS 

Models  appropriate  to  the  design  of  a  station  control  system  were  required,  which  in  turn 
dictattni  the  form  of  the  models  usetl.  Dynamic  models  were  required  for  all  of  the  mechanical  com¬ 
ponents  such  as  compressor  shafts,  throttle  actuators,  and  pipeline  flows;  steady-state  models  were 
considertnl  adequate  for  the  compressors  and  the  thermodynamics  in  the  station  yardpiping.  Model 
development  procetxled  by  obtaining  descriptions  of  the  components  found  in  a  station.  These  in¬ 
cluded  elbows,  tees,  orifices,  scrubbers,  as  well  as  the  valves,  engines  and  compressors.  With  these 
component  models,  a  particular  station  configuration  could  be  put  together  in  much  the  same  way 
as  the  station  itself  was  built.  These  station  models  were  used  extensively  in  the  design  of  the  unit  and 
station  control  tasks  of  the  control  system,  as  well  as  the  checkout  of  the  control  hardware  itself. 

As  an  example.  Figure  5  is  a  layout  of  the  component  modules  used  to  model  one  com¬ 
pressor  plant  of  TCPL’s  station  17,  and  Figure  6  indicates  the  general  solution  scheme  on  the  NRC 
hybrid  computer.  All  dynamics  were  solved  on  the  analogue  computer,  and  algebraic  and  steady-state 
thermodynamic  relations  were  solved  in  the  digital  computer.  Since  the  proposed  controller  was 
eventually  to  be  a  mini-computer,  its  logic  was  naturally  modeled  primarily  in  the  digital  computer, 
and  ultimately  was  replaced  with  the  actual  control  computer  for  final  checkout. 

Although  the  models  used  are  described  elsewhere  (Refs.  3  and  6)  the  main  pumping  unit 
will  be  described  here  as  this  will  illustrate  the  level  of  detail  required  and  give  some  insight  into  the 
requirements  of  the  unit  monitoring  task  which  came  much  later  in  the  project.  Figure  7  is  a  sche¬ 
matic  diagram  of  a  natural  gas  compressor  pumping  unit.  A  gas  generator,  consisting  of  compressor, 
combustion  chamber  and  turbine,  produces  compressed  hot  gas.  This  is  expandtxi  through  the  frtn* 
power  turbine  which  drives  the  natural  gas  compressor  as  its  load.  Fuel  is  obtained  directly  from  the 
pipeline  or  from  some  other  available  fuel  source. 

To  model  this  unit,  consider  first  the  natural  gas  compressor.  Figure  8  indicates  the  kind 
of  measurement  data  which  can  be  obtained  for  centrifugal  compressors,  and  Figure  9  is  the  actual 
compressor  “wheel”  flow  maps  for  station  2. 

For  modeling  purposes,  the  compressor  rotational  speed  can  be  expressed  as  a  ratio  of 
design  speed 


R  =  N/Nj 

Similarly,  the  flow  through  the  unit  can  be  normalized,  usually  with  resptvt  to  standard 
atmospheric  conditions.  The  relation  between  adiabatic  head  and  flow  for  a  compressor  can  be  ex¬ 
pressed  as  a  second  order  polynomial  in  both  speed  and  flow. 

Hj  »  aQ^  +  bQR  +  cR^ 

where  a,  b  and  c  are  constants  for  a  given  compressor  in  a  given  state  of  health.  The  adiabatic  head,  Hj , 
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tor  the  compressor  is  related  to  the  basic  thermodynamic  parameters  of  pressure  P,  and  temperature  T 
on  the  input  (P,  T, )  and  output  (P^,T^ )  by 


H., 


where  the  compressibility,  Z,  is  given  by 


ZRT,  7 
y-  1 


1 


-1 
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where  m  and  n  are  the  constants  tor  natural  gas. 

The  temperature  rise,  (T„  -  T| ),  across  the  compressor  is 


f/P  \  ^ 
(I  I 


1 


(T„  -  T, ) 

where  E,  is  the  compressor’s  adiabatic  efficiency  which  is  a  function  of  operating  point  as  shown  in 
Figure  8.  It  is  possible  to  replot  these  efficiency  contours  as  a  temperature  rise  and  it  was  found  that 
this  could  be  adequately  represented,  again,  as  a  second  order  polynomial  of  flow  and  speed 

(T„  -  T, )  -  dQ’  +  eQR  +  fR^ 

where,  again  d,  e  and  f  are  constant  for  a  given  compressor  in  a  given  state  of  health. 

For  a  given  adiabatic  head  across  the  compressor,  the  flow  is  limited  on  one  side  by  the 
maximum  horsepower,  (or  more  specifically  by  the  maximum  torque  which  the  compressor  can 
handle),  and  the  other  side  by  a  flow  breakdown  or  stall  condition  called  surge.  These  limits  were 
expressed  as  linear  functions  of  flow 

Qd  =  8+hHa 


Qhp  =  r  +  sHd 

The  compressor  is  also  restricted  to  operate  over  a  given  speed  range 

N„i„  <  N  < 

Thus  the  compressor  model  can  be  described  by  the  above  equations  and  a  set  of  parameters 

(a,b,c«d,e,f^,h,r,s,  Nj ,  ^mtn  *  ^  max) 


where  the  first  6  parameters  will  need  to  be  updated  from  actual  measurements  made  by  the  unit 
monitoring  task  of  the  controller. 

In  order  to  relate  the  compressor  operation  to  the  other  components  of  the  pumping  unit 
it  is  necessary  to  consider  the  power  that  it  draws  from  the  driving  turbine. 
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Tht’  horsepower  rwiuirtvl  to  pump  the  ttus  is 


IIP  .  - .  |j  =  eoustaiit 

33000 


Smce  this  |K)wer  must  b»‘  supplieii  by  the  khs  generator  and  ileliverwi  throucli  tin*  |K>wer 
turbine,  torque  riHiuirement  of  the  load  is; 


N  ■  t,,„  “  N  •  33000  -  i/-  t;,,, 


The  rotational  inertia  of  the  ttas  generator  is  very  small  eomparetl  to  that  of  the  load,  henee 
the  steady  state  r»>lation  between  fuel  burnt  and  resulting  ijas  generator  output  power  can  be  usihI. 
This  information  is  available  as  the  expression 


W, 


lit. 

\J  520. 


14.690 


♦  f.  •  Ml’ 


ss 


where  W,,  =  fuel  flow  input 

Tj^,P^  “  ambient  air  eonditions 

HP^  “  delivered  horsepower 

and  f^,  fj,  are  constant  for  a  given  gas  generator  in  a  given  state  of  health.  Thus  the  gas  generator  can 
be  defined  by  these  t-quations  and  by  the  parameter  set  supplitnl  by  the  unit  monitoring  task; 


Finally,  rotational  s|hhh1  of  the  compressor  will  thus  be  given  by 

N  =  Y  /  C.,)dt 


where  1  *  rotational  inertia 


and 


delivered  torque 


CONTROLLER  TASK  DEFINITION 


The  first  controller  task  which  was  addresstnl  by  the  design  team  was  the  compressor  station 
control  problem  of  how  to  adjust  unit  setpoints  to  achieve  acceptable  behaviour  without  regani  to 
optimization.  The  scheme  adoptt-d  was  a  parallel  control  scheme  which  was  bast'd  on  a 
principle.  Overall  station  discharge  pressure  or  station  flow  had  to  be  maintaintxl  by  rt'qiiiring  each 
unit  to  carry  its  ‘fair  share’  of  the  flow.  If  increased  or  decreast'tl  flow  is  n'quinxl  as  determineti  by 
the  overall  station  requirements,  then  each  unit  on  line  is  monitored  to  set'  if  it  is  on  a  high  or  low 
limit,  and,  if  it  is  capable  of  responding  to  a  demand  change,  the  actual  (H'rcentage  of  flow  it  is  cur¬ 
rently  delivering  is  compared  to  the  flow  split  setpoint  for  the  unit.  If  incrt'ased  station  flow  is 
requested,  then  only  those  units  which  are  delivering  less  than  their  required  shart'  of  this  amount 
are  asked  to  deliver  more,  and  vice-versa.  Before  any  change  is  actually  requested,  the  station  control 
algorithm  weights  the  request  to  the  responding  units  in  proportion  to  the  ability  of  each  in  terms  of 
its  rated  horsepower.  In  this  way  the  control  action  produces  the  same  rt'sixmse  regardless  of  how 
many  and  which  units  are  on  line. 


Tht’  unit  i-i>ntrols  tlicnisflvcs  arc  prnportuinal/intt'^trul  i-ontrols,  aiui  Inivo  Innlt  in  ovi-rruim^: 
ai'tion  hastnl  on  limits. 

Two  torsions  of  tins  station  and  unit  control  wore  impli'incnttHl.  In  kot'pinj;  with  the 
rotiuircim-nts  of  an  evolutionary  design  the  first  version  was  a  hardwired  aiuilonue  relay  unit  which 
wsis  specified  ami  built  by  a  inanufai'turer  of  control  hardware.  'I’his  unit  was  subsequently  delivered 
to  th«‘  NKC  in  Ottawa  and  set  ui'  to  contri>l  'b  ■  station  nuKiel.  Coininissionin^  proeetlures  were 
desi^neti  usinj:  tin-  nuHlel,  and  the  suhsequent  installation  in  the  field  was  completely  uneventful. 
The  iH-rmissive  I'ontrol  scln-me  had  been  desinneil  and  testi-d  usiim  the  computer  models,  and  provt-d 
succes  ful  in  the  field. 

Tin-  second  version  of  tin-  unit  and  station  control  involveil  implementation  of  the  control 
Ionic  m  ilinital  computer  hardware,  A  secoiui  station  (station  l.'l)  was  selei'ted  for  the  new  i-ontroller. 
and  a  mini  i'onq>uter  was  obtaiin-il  as  the  control  hardware.  Anain  the  station  model  was  iisixl  to  check 
out  the  new  hardware  before  it  was  installed  m  the  station. 

The  next  step  in  the  evolution  was  the  desinn  of  a  real  time  executive  operatinn  system  for 
the  computer  to  which  the  controller  tasks  could  be  attacluxl  as  they  were  developi-tl.  It  was  requinxi 
that  the  operatmn  system  and  all  the  ilata  banks  for  the  controller  should  be  specifuxl  early  in  the 
priijci't,  aiui  would  become  the  skeU-ton  on  whii-li  the  specifii-  tasks  for  a  ni'cn  station  couUi  be 
attaclu-ii.  The  design  of  a  new  controller  for  another  station  would  be  almost  a  "fill  m  the  blanks" 
operation,  rhe  o|H-ratmn  systi-m  develoi>ed  is  known  as  the  ll’KX  ll  Kxeciitive  System,  ami  its  struc¬ 
ture  is  shown  in  Fi^tiirt-  10. 

■An  inqiortant  feature  of  the  controller  executive  is  the  ease  with  which  the  station  operator 
can  design  displays  of  those  station  (>arameters  he  wishes  to  monitor.  This  display  task  was  desisnixl 
to  in-  eiLsily  umierstoiHi  and  used,  ami  all  mti-ractioiis  at  the  computer  console  are  as  free  of  com¬ 
puterese  as  possible. 

The  next  station  selected  for  the  controller  and  the  ll’KX-11  Kxecutive  was  the  most  com¬ 
plex  station  of  the  line,  station  2.  Once  a^ain  this  was  aci-ompiisluxi  usiim  computer  models  for 
checkout. 

S  I  ATION  on'i.MI/ATION 

Having;  estabiisluHi  that  station  control  basixi  on  the  permissive  flow  split  coneci't  worktxi, 
and  having  provided  the  digital  computer  environment  necessary  for  its  inq'lementation,  the  station 
optimization  task  was  addresstxl.  Op  until  that  time,  the  flow  sp>lit  had  been  set  by  the  operator. 
Any  optimizing  algorithm  would  have  to  be  good  enough  to  compete  with  experienced  operators 
and  convince  them  of  its  value.  Fortunately  the  rapid  rise  in  fuel  costs  during  this  time  favounxl 
any  scheme  which  could  continuously  monitor  and  iqxlatc  these  setpoints  in  a  way  which  was  not 
possible  under  manual  control.  Fuel  costs  increasixi  almost  an  onler  to  magnitude  liuring  this  period. 
The  approach  taken  for  the  optimization  task  is  illustrated  in  Figure  11.  (If  the  units  available  in  the 
station,  some  or  all  of  them  can  be  in  operation.  .-A  particular  configuration  of  units  is  known  as  a 
station  nimle,  and  for  -ach  possible  mode  there  is  a  flow  split  which  minimizes  the  fuel  costs  for  a 
given  station  operating  idition.  The  ca(»ability  of  any  station  mode  to  deliver  the  requinxl  flow  at 
the  current  suction  and  -scharge  pressures  can  be  checktxl  by  conqniting  the  minimum  and  maxi¬ 
mum  station  flows  poss.hle  for  that  mode  and  comparing  these  values  with  the  station  demand. 
If  the  demand  is  within  the  possible  range,  that  mode  is  feasible  and  the  optimum  flow  split  can  be 
sought.  Figure  12  is  the  functional  flow  chart  for  this  process,  and  Figure  13  is  a  data  and  processing 
nuulule  layout  for  the  (wogram  produci-d.  The  procedurt-  is  as  follows; 

For  a  given  flow  split,  and  a  specifitnl  station  mode,  the  model  of  each  pumping  unit  is 
ujkxl  to  calculate  the  fuel  requinnl  to  deliver  that  unit's  share  of  load,  and  so  the  total  station  fuel 
flow  can  be  obtaiiuxl.  .A  search  strategy  basixl  on  a  pattern  search  procixlure  (Ref.  t>l  was  usixl  to 
adjust  the  flow  split  among  the  units.  By  conqniting  station  fuel  at  different  trial  flow  splits,  the 


iniiiiiiiiiii  (■•omputtHl  station  fuel  eoulii  lie  fouiul.  'I’lns  new  flow  split  is  then  us»“<i  to  adjust  eoiitroller 
sotj'oiiUs  on  eaeh  I'liysieal  unit.  If  either  deinaiul  or  station  eoiuiitions  ehantje,  this  information  is 
proeessiHl  to  jiroduee  new  optimum  control  settings. 


The  optimi/.m^  search  strate^t^•  usini  is  shown  m  FiiJure  11.  A  numhi-r  of  explorati>r>'  eal- 
eulations  are  done  to  determine  the  local  shape  of  tlu’  total  fuel  flow  surface,  and  a  dir«-ction  on  this 
surface  is  estahlishini  which  holds  promise  of  improvement  in  fuel  performaiu'e,  Physical  constraints 
such  as  compressor  sur^e  or  horse|'ower  limits  art'  included  m  the  ttital  fuel  flow  surface  hy  addmtt 
steep  penalty  functions  which  are  proportional  to  the  amount  hy  which  the  constraint  is  exceeih'tl. 
In  this  way  the  search  is  directed  m  promisinu  ilirections  and  yet  avoids  vuilatint;  constraints.  Since 
the  feasibility  chei  k  ensures  the  existence  of  a  solution,  the  procedure  of  apjilymj;  (lenalties  to  the 
constraints  will  direct  the  search  towards  this  solution. 

Ti>  illustrate  the  u.se  of  the  oi'timization  |>ai  kajte.  Fixture  15  is  a  plot  of  the  minimum  fuel 
requirements  of  TtTT,  station  2  as  a  fuiu-tion  of  station  mode  and  flow,  for  a  ttiven  suction  and 
dischiu'^je  jiressure.  For  a  ^tiven  station  flow,  it  can  he  seen  that  not  all  station  modes  are  jHissihle, 
and  of  the  ones  which  are,  some  are  better  than  others.  For  all  six  units  on  line,  i.e.  m(''.le  15,  the 
worst  possible  flow  sidit  yieliling  maximum  possihli'  fuel  costs  is  also  jilotted.  This  Olives  an  indication 
of  the  mcreaserl  costs  which  are  possible  unless  sonu'  attemj't  is  maile  to  “balance”  the  station, 
either  automatically  or  manually. 

It  is  clear  from  the  above  discussion  that  the  calculated  ojitimum  flow  sjilit  will  only  be 
valid  if  the  unit  nuniels  ujum  which  the  calculation  is  baser!  ar*'  accurate  and  ui'-to-<Iate.  This  imiioses 
the  requirement  that  the  models  be  modifieil  as  ei)ui|mient  a^es,  and  since  the  health  of  any  unit  is 
determinetl  from  selecteri  measurements,  there  is  the  additional  reiiuirement  of  valiilating  the 
measurements.  This  requirement  also  manifests  itself  m  , even  more  direct  way  m  that  the  system 
must  be  safejjmu'drHl  a^;amst  "wiUi”  measurements  frrmi  station  transducers.  The  optimizinj:  scheme, 
therefore  arranges  to  check  the  chanjte  in  flow  split  requester!  from  that  last  usrHl.  If  the  change  is 
excessive,  the  system  automatu'ally  rr'verts  to  a  flow  sj'lit  basr'rl  on  ratrxl  horsi'iunver  and  a  nu'ssage 
to  this  effect  is  sent  to  the  operator's  terminal. 

The  problem  of  measurement  valiriation  is  thus  important  for  the  system's  .safety  as  well 
its  for  the  accurar'y  of  the  r>{>timum  flow  .s|>lit  r'alr'ulation. 

UNIT  .MOMTOKINC. 

The  usefulness  of  the  optimizing  task  is  critically  rlej'endent  on  the  accuracy  of  the  models 
userl  to  describe  the  pumjhng  units.  These  models  must  accurately  reflect  the  change  in  the  perform¬ 
ance  of  the  units  with  time,  and  so  can  be  crnq'led  to  an  tiverall  engine  lu'alth  monitoring  (KHMl 
activity.  As  shown  in  Figure  l(i,  inachinen,’  health  monitoring  involves  corni'aring  current  mt'asure- 
ments  with  some  baseline  establislu'ri  when  both  the  instruments  anrl  the  units  were  healthy.  The 
health  monitoring  can  be  exteiuirHl  to  include  calculatr'ri  parameters  such  as  component  efficiencies 
and  mass  flows  which  are  not  directly  measurable,  and  a  disagreement  with  a  baseline  value  can  mean 
that  either  an  instrument  Iuls  changed  or  a  unit  has  changed,  or  both.  It  was  necessary  that  some 
mechanism  be  available  to  sejiarate  instruments  from  unit  deterioration  effects. 

measurement  validation  package,  (yet  to  be  implemented  in  a  station!  was  devistxl 
(Ref.  12)  as  de.scribed  by  Figure  17.  rhe  procedure  is  based  on  the  premise  that  knowKxlge  of  the 
physical  laws  governing  the  various  components  within  a  (ninqiing  unit,  together  with  a  few  key 
measurements,  can  be  ustxl  to  distinguish  between  instrumentation  errors  and  degradini  pumping 
equi(iment.  F’urthermore  the  (iroctnlure  cim  indicate  the  degree  of  degradation  and  so  can  be  ustxl 
to  u|>date  the  unit  models  usixl  for  the  optimum  search  scheme.  For  example  a  dirty  compressor 
will  result  in  a  pretlictable  change  in  the  set  of  measurements  typified  by  a  decrease  in  efficiency. 
If  the  gas  path  analysis,  basixl  on  a  set  of  measurements,  indicates  an  increase  in  efficiency,  it  is 
natural  to  suspect  the  measurement  of  .some  jiarameter.  By  means  of  thermodynamic  relations  and 
sensitivity  matrices  a  complete  measurement  validation  scheme  was  devistxl  to  produce  reliable  data 
upon  which  to  base  a.s.se.ssments  of  the  health  of  the  components  with  the  pumping  unit,  as  well  as 
to  u(xiate  the  unit  models  for  the  search. 
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Computer  models  played  a  key  part  in  the  design  and  checkout  of  the  measurement  valida¬ 
tion  system.  Models  such  as  shown  in  Figure  18  were  put  together  on  the  hybrid  computer,  and 
specific  changes  to  the  unit  components  and/or  errors  in  the  measurements  were  introduced.  The 
resulting  sets  of  simulated  measurement  data  were  analyzed  by  the  validation  and  monitoring  task 
thus  providing  known  results  upon  which  to  test  the  procedure.  The  final  checkout  of  the  package 
was  performed  by  TCPL  field  engineers  using  actual  measurements  taken  before  and  after  engine 
service.  The  procedure  was  able  to  identify  all  changes,  and  was  judged  by  the  field  engineers  to  be  a 
useful  tool. 

As  mentioned,  this  unit  modeling  and  measurement  validation  task  is  yet  to  be  installed  on 
line  in  a  station.  At  the  moment,  model  update  information  is  reviewed  by  the  station  operator  who 
makes  the  decision  as  to  how  and  when  to  update  the  unit  models  used  by  the  optimizing  task. 

HARDWARE 

The  station  computer  hardware  installed  in  1973  in  station  13  consisted  of  a  PDP  11/20 
with  8K,  paper  tape  and  a  DEC  tape  I/O.  The  interface  to  the  station  was  via  a  TCPL  designed  sub¬ 
system  with  64  analogue-to-digital  channels.  Discrete  digital  I/O  was  photo-diode  isolated  on  input, 
and  had  relay  output.  This  original  system  has  evolved  to  a  16K  PDP  11/05,  with  256K  fixed  head 
disc,  dual  cassette  tapes,  and  a  CRT/keyboard  and  printer  for  the  recent  installations  in  other  stations. 

The  hybrid  computer  used  for  modeling  the  station  components  is  the  EAI  Pacer  600, 
in  the  Mechanical  Engineering  Division  of  the  National  Research  Council.  Total  digital  capacity  is 
32K  words  with  750K  discs.  Analogue  capacity  is  60  integrators  with  associated  summers,  pots  and 
patchable  logic.  The  converter  system  is  48  analogue-to-digital  and  24  digital-to-analogue  channels. 
All  programming  was  done  in  Fortran  with  standard  hybrid  computer  system  routines. 

COST  EFFECTIVENESS 

Fuel  savings  which  are  a  direct  result  of  the  new  controller  have  been  difficult  to  access, 
as  the  more  accurate  performance  data  obtained  during  the  design  of  them  had  already  resulted  in 
better  operating  procedures.  It  has  been  estimated,  however,  that  this  fuel  saving  is  of  the  order  of 
1-2%  which  means  that  the  cost  of  the  controller  is  recoverable  in  about  two  years  at  current  gas 
prices. 

Another  major  benefit  of  the  project  has  been  the  increased  understanding  of  station 
behaviour  and  an  increased  awareness  of  the  contributions  of  yard  piping  pressure  losses  and  station 
operating  procedures  to  fuel  costs.  These  new  insights  coupled  with  the  effective  information  handling 
capabilities  provided  by  the  computer  have  enabled  the  station  operators  to  run  the  stations  better 
and  more  easily. 

CONCLUSIONS 

The  design  of  station  controllers  for  a  gas  pipeline  has  been  successfully  achieved  due,  in 
large  measure,  to  the  use  of  computer  modeling  and  simulation  techniques.  The  use  of  these  computer 
models  of  the  pumping  station  components  provided  the  design  team  with  an  effective  environment 
to  carry  out  their  design  work,  as  well  as  an  effective  means  of  accumulating  information  about  station 
performance.  The  hybrid  computer  implementation  of  these  models  also  allowed  for  the  check  out  of 
the  resulting  hardware. 

This  project  also  illustrates  the  collaboration  possible  between  government  research  groups 
and  industry.  Development  of  the  computer  modeling  techniques,  and  the  computer  models  them¬ 
selves  required  access  to  extensive  simulation  facilities  and  other  information  and  skills  more  readily 
found  in  larger  research  environments  such  as  NRC.  Once  appropriate  models  were  defined,  only 
those  with  experience  in  pipeline  operations  could  direct  the  simulated  trials  in  support  of  the  actual 
design  activity.  Collaboration  of  this  kind,  with  a  computer  model  accumulating  the  knowledge  and 
skills  of  all  the  team  members,  was  a  most  effective  means  of  arriving  at  a  good  problem  solution. 
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FIG.  1:  THE  TRANSCANADA  PIPELINE  NETWORK 


FIG.  2:  STATION  2  SCHEMATIC 
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FIG.  3:  STATION  CONTROL  OVERVIEW  -  STATION  2  FIG.  4:  STATION  CONTROL  TASK  HIERARCHY 


COMPRESSOR  DATA  FOR  STATION  2 


FIG.  10:  COMPRESSOR-STATION-CONTROL  SOFTWARE  ORGANIZATION 
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MODEL  UPDATE  DATA 


FIG.  11:  THE  OPTIMIZATION  TASK 


FIG.  15:  COMPUTED  OPTIMUM  FUEL  -  STATION  2 
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FIG.  17:  MEASUREMENT  VALIDATION  TASK 
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A  RAILWAY  TRACK  SWITCH  THAT  OPERATES  IN  SNOW  AND  ICE 


D.B.  Coveney 

Low  Temperature  Laboratory 
Division  of  Mechanical  Fmgineering 


ABSTRACT 

A  new  railway  track  switch  has  been  designed  to  operate  successfully  in  snow,  ice  and  cold 
without  assistance  from  auxiliary  devices.  Laboratory  testing  of  a  prototype  showed  that  the  required 
forces  to  throw  the  switch  under  these  climatic  conditions  were  within  the  capacity  of  a  conventional 
electric  switch  machine.  Field  testing  of  the  prototype,  over  a  period  of  almost  two  years  in  track  on 
a  heavy  duty,  slow  speed  application  at  the  CP  Rail  St.  Luc  Yard,  showed  that  the  switch  could 
operate  successfully  under  reasonably  severe  snow  conditions  with  only  minimal  snow  removal.  It  was 
not  seriously  tested  by  ice  build-up  from  freezing  rain.  Although  strain  gauge  measurements  showed 
no  structural  problems  with  the  switch,  a  number  of  design  modifications  have  been  recommended 
to  improve  the  mechanical  performance  and  endurance  of  the  switch. 


1.0  INTRODUCTION 
1.1  The  Split  Switch 


f..  PRSC£D1MG  FAOt  M.ANfC 


Throughout  railway  track  work  the  split  or  point  switch  is  used  almost  exclusively.  In  most 
respects  it  performs  its  function  well  at  low  cost  and  with  little  attention.  However,  when  even  a  small 
amount  of  snow  accumulates  between  the  point  rail  and  the  stock  rail,  the  switch  will  fail  to  fully 
close  when  thrown,  as  the  snow  compresses  into  a  solid  with  considerable  compressive  strength.  The 
original  solution  to  this  problem  was  simply  to  sweep  the  snow  out  from  the  critical  areas  with  hand 
brooms.  While  this  was  satisfactory  at  one  time,  the  delays  and  high  costs  of  this  method  are  no  longer 
tolerable  for  many  switches  of  a  modem  railway. 


1.2  Thermal  Protection  of  the  Split  Switch 


Switch  heating  devices  of  many  types  are  now  in  fairly  widespread  use.  The  most  popular 
and  most  effective  type  currently  in  use  in  Canada  blows  heated  air  into  the  critical  areas  of  a  split 
switch  to  melt  or  vapourize  the  snow  either  as  it  falls  or  after  it  has  accumulated.  Such  switch  heaters 
operate  in  either  a  fully  automatic  mode  using  snow  detectors  or  a  remotely  controlled  mode  by 
dispatcher  choice.  The  design  and  performance  of  a  prototype  switch  heater  of  this  general  type  was 
reported  in  References  1  and  2. 


Switch  heaters,  however,  require  a  capital  expenditure  of  the  same  order  as  that  for  the 
switch  itself;  as  much  as  6000  litres  or  more  of  fuel  per  year,  depending  on  the  particular  system 
used  and  its  location;  and  considerable  maintenance  to  repair,  adjust  and  refuel  the  system. 

1.3  Non-Thermal  Protection  of  the  Split  Switch 

By  placing  a  high  velocity  horizontal  curtain  of  unheated  air  over  the  critical  areas  of  a 
split  switch,  snow  can  be  prevented  from  fouling  the  switch  (Ref.  3).  Such  a  horizontal  air  curtain 
device  costs  less  than  a  switch  heater  both  to  install  and  to  operate.  However,  it  does  require  a  con¬ 
siderable  amount  of  often  scarce  electrical  power  (5  kw)  to  drive  the  fan.  Also,  it  does  not  have  the 
recovery  capability  that  switch  heaters  have  to  clear  a  switch  that  has  become  fouled  with  snow  for 
any  of  a  number  of  reasons,  e.g.  due  to  a  power  failure  during  a  snow  storm. 
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1.4  Passive  Switch  Protection 

Both  thermal  and  non-thermal  protection  methods  require  active  fuel  and/or  power  con¬ 
suming  systems.  Another  potentially  more  attractive  alternative  is  a  passive  system  that  protects 
merely  by  its  presence.  While  the  construction  of  snow  sheds  over  the  entire  switch  can  provide 
some  measure  of  protection,  no  reliable  and  economical  way  has  yet  been  found  to  provide  passive 
protection  of  a  split  switch.  Consequently,  the  Division  of  Mechanical  Engineering  has  investigated 
two  alternative  switch  designs  that  would  provide  their  own  passive  protection.  One  of  these  designs, 
the  Horizontal  Traverse  Switch,  developed  by  the  Low  Temperature  Laboratory,  will  be  described 
along  with  the  results  of  laboratory  and  field  evaluation  of  the  first  prototype  switch  (Refs.  4,5,6). 


2.0  DESIGN  OF  THE  SWITCH 

2.1  Principles 

In  designing  the  Horizontal  Traverse  Switch  the  following  principles  governed. 

2.1.1  No  components  may  close  on,  or  closely  approach,  other  components  such  that  snow  or 
ice  can  be  compressed  between  them.  Any  positioning  stops,  for  example,  must  be  fully  protected 
from  exposure  to  snow  and  ice. 

2.1.2  The  switch  must  not  extend  beyond  the  essential  dimensional  limits  of  existing  switches. 
Special  roadbed  modifications  must  be  avoided. 

2.1.3  The  switch  must  be  structurally  compatible  with  existing  track  and  must  adequately  with¬ 
stand  all  external  loads  normally  applied  to  switches. 

2.1.4  The  switch  must  be  compatible  with  present  switch 

2.1.5  The  switch  must  not  require  auxiliary  devices  or 
formance  in  snow  and  ice. 

2.1.6  Switch  components,  especially  the  main  structural 
mass  production  techniques. 

2.2  Description  of  the  Switch 

The  Horizontal  Traverse  Switch  (Fig.  1)  is  a  unique  stub  switch  utilizing  pivoted,  double¬ 
headed  rails  swinging  in  a  horizontal  plane  so  that  one  head  aligns  when  set  for  straight-through  and 
the  second  head  aligns  when  set  for  turnout.  A  built-in  device  positions  and  locks  each  rail  in  either  of 
the  two  positions.  The  rails  are  supported  through  thin,  flat  bearings  by  rail  support  sections  that 
also  enclose  the  pivot  bearings  and  the  positioning  and  locking  devices.  Each  rail  support  is  fastened 
down  to  a  full  length  baseplate  that  extends  beyond  each  end  of  the  switch  rails  and  under  the  stock 
rmls.  Four  gauge  plate  beams  tie  the  two  rail  support  and  baseplate  assemblies  together.  A  conven¬ 
tional  switch  machine  operates  the  switch. 

The  prototype  was  designed  to  replace  a  6.7  m  split  switch  and  to  be  compatible  with  52  kg 
AREA  rail. 


machines  and  signal  systems. 

special  maintenance  for  successful  per- 

sections,  must  be  amenable  to  low  cost 


2.3  Features  of  the  Switch 

2.3.1  The  use  of  a  double-headed  rail  allows  the  rail  to  be  pivoted  on  a  large  bearing  (Figs.  1  and 
1(c))  protected  from  exposure  to  snow  and  ice  while  aligning  accurately  to  the  stock  rails  at  each  end. 
Such  pivoted  movement  eliminates  any  compressive  closure,  substituting  instead  only  shear  between 
the  switch  rails  and  the  stock  rails  at  both  heel  and  “point”  ends. 
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2.3.2  The  wide  flanges  of  the  double-headed  rail  shield  the  rail  supporting  bearing  surfaees  from 
snow  and  ice  (F^ig.  1(a)).  They  also  provide  lateral  strength  to  support  the  loads  encountered  in 
changing  a  train’s  direction  on  turnout,  minimize  lateral  deflections,  and  they  resist  any  tendency  of 
the  rails  to  tip,  under  side  loads. 

2.3.3  The  built-in  stops  positively  align  the  switch  rails  to  the  stock  rails,  and  the  wedge  locking 
bars,  op«>rated  by  the  switch  machine,  keep  the  rails  securely  in  this  position  (Figs.  1  and  1(b)).  This 
entire  mechanism  is  protectcnl  from  exposure  to  snow  and  ice  by  its  containment  within  the  rail 
sup(>ort  section  and  the  wide  flanged  cover  provided  by  the  double-headed  rail. 

2.3.4  As  the  rails  are  transferred  from  one  position  to  the  other,  they  slide  on  low  friction,  thin, 
flat  bearings,  some  of  TFE  impregnated  sintered  bronze  and  some  of  reinforced  TFE  (F'igs.  1  and 
1(a)).  A  water  resistant,  low  temperature  EP  grease  is  used  to  provide  some  lubrication  to  the  bear¬ 
ings,  but  mainly  to  prevent  ice,  which  might  form  between  the  rails  and  their  supvwrts,  from  bonding 
strongly  to  their  surfaces.  The  bearings  are  spaced  at  approximately  50  cm  centre  to  centre  so  that 
deflection  of  the  rails  cannot  extrude  the  grease  from  between  the  rails  and  their  supports. 

2.3.5  The  wide  rail  support  section  (Fig.  1(a))  provides  wide-stance  support  of  the  rail,  thus 
avoiding  any  tendency  of  the  rail  to  tip  over.  This  section  also  provides  an  enclosure  proU'cting  the 
critical  positioning  stops  and  pivot  bearing  from  blowing  snow,  dirt,  etc.  (Figs.  1(b)  and  1(c)). 

2.3.6  The  rail  support  section  is  securely  bolted  to  the  full  length  baseplate  (Figs.  1  and  1(a)), 
which  also  extends  under  the  stock  rails  at  both  ends  to  the  second  tie  beyond  the  switch  itself  to 
provide  a  means  of  anchoring  the  ends  of  the  stock  rails  in  alignment  with  the  switch  rails. 

2.3.7  As  well  as  controlling  the  track  gauge  at  critical  locations,  the  two  gauge  plate  beams  at 
the  ends  of  the  switch  (Fig.  1)  are  reinforced  to  strengthen  the  joints  between  the  ends  of  the  switch 
itself  and  the  adjoining  stock  rails.  Another  gauge  plate,  located  close  to  the  stops,  controls  the 
positions  of  the  switch  rails  at  both  ends  of  the  throw. 

2.3.8  The  switch  is  driven  by  a  conventional  electric  switch  machine  (Figs.  1  and  14).  However, 
by  orienting  the  switch  machine  with  the  motor  toward  the  “point”  end  of  the  switch  rather  than 
the  heel  end,  maximum  leverage  for  throwing  the  switch  can  be  obtained  and  a  simple  add-on  device 
provides  a  drive  for  the  switch  locking  mechanism  directly  from  the  protruding  locking  bar  of  the 
switch  machine.  The  lock  rods  and  point  detector  rods  of  the  switch  machine  are  operated  together, 
as  a  unit,  driven  by  rods  connected  to  both  rails. 

To  maintain  adequate  clearance  between  the  switch  rods  and  the  baseplates  under  heavy 
icing  condictions,  all  switch  rods  were  lowered  and  suitable  offsets  were  made  in  the  throw,  lock 
and  point  detector  rods  so  that  the  switch  machine  would  remain  at  the  standard  elevation  relative 
to  the  rail.  Where  the  bearing  clips  necessarily  had  to  closely  approach  the  baseplate,  the  faces  were 
relieved  to  provide  a  wedge  to  part  the  snow  rather  than  compress  it  (Fig.  1). 

2.3.9  Strength  of  the  composite  section  is  greater  than  for  the  equivalent  standanl  rail.  The 
double-headed  rail,  itself,  is  made  from  type  T1  structural  steel  quenched  and  tenqx'red  to  320 
Brinnel  hardness  so  that  wear  resistance  would  be  maximized  and  cold  worked  distortions  of  the 
rail  ends  would  be  minimized. 

2.3.10  The  switch  fits  in  essentially  the  same  space  as  existing  switches  of  the  same  size.  No  s|>ecial 
modifications  to  the  roadbed  are  necessary. 

2.3.11  The  switch  can  be  set  up  in  left,  right  or  equal  turnout  positions  interchangeably  and  with 
minor  modifications  the  switch  machine  can  be  located  on  either  side  of  the  switch.  As  far  as  pos¬ 
sible  similar  parts  have  been  made  interchangeable. 

2.3.12  The  double-headed  rail  and  rail  support  sections  have  been  designed  so  that  they  can  be 
mass  produced  by  rolling. 
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2.4  Stress  Analysis 

Because  of  the  complex  and  largely  unknown  distrihution  of  the  supjKjrt-meehanisms  and 
beeau.se  of  the  normal  deviations  of  real  »‘quipment  from  theoretical  models,  it  was  realized  that 
only  measurements  vmder  actual  loatlin^  conditions  in  a  field  installation  could  yield  reliable  stress 
information.  However,  through  theoretical  stress  analysis,  the  locations  where  critical  stresses  may  be 
encounteri*d  were  identifiiHl. 

In  an  attemj)t  to  oredict,  at  least  approximately,  the  ojH-rating  stresses  in  the  switch  when  a 
train  pas,ses  over  it,  a  .set  of  strain  gauges  was  installed  on  the  prototy|x*  of  the  switch  at  locations 
where  the  theoretical  stress  analysis  had  shown  the  highest  stresst*s  could  he  exirected.  Then,  as  a 
950-kg  wheel  set  was  rolled  over  the  switch,  causing  small  stres.ses  in  the  switch  components,  the 
signals  from  the  strain  gauges  were  recorded  on  a  multi-channel  oscillograph  recorder.  From  these 
recordings  order  of  magnitude  estimates  were  made  of  the  maximum  stresses  that  could  be  ex{H*ctt*d 
from  a  36,000  kg/ axle  load.  The  maximum  expected  stresses,  the  nominal  yield  strengths  of  the 
steels,  and  the  resulting  factors  of  safety  were  as  follows; 


Component 

Yield  Strength 
(MPa) 

Simple  Bending 
Stress  (MPa) 

Factor  of 
Safety 

Double  headed  rail 

965 

200 

4.8 

Rail  support 

345 

120 

2.9 

Ba.seplate 

345 

inconclusive  data 

For  the  baseplate  the  loading  was  believed  to  be  insufficient  to  bring  all  the  support  mech¬ 
anisms  into  action.  However,  as  a  result  of  the  measurements  it  was  recommended  that  the  first 
loading  of  the  switch  in  the  field  be  limited  to  about  9,000  kg/axle  to  ensure  no  overstressing  of  the 
baseplate.  Otherwise  the  switch  was  expected  to  have  sufficient  structural  strength  for  the  service 
inU'nded. 

3.0  LABORATORY  DEVKLOPMENT  OF  THE  SWITCH 

Laboratory  investigations  centred  around  the  switching  characteristics  of  the  Horizontal 
Traverse  Switch  under  various  environmental  conditions.  In  all,  more  than  one  hundred  tests  were 
run  at  temperatures  ranging  from  -40‘’C  to  over  +25°C,  many  with  varying  amounts  of  snow  or  ice 
on  the  switch. 

3.1  Test  Configurations 

For  the  initial  series  of  tests  the  switch  was  operated  by  a  hydraulic  system,  and  lubrication 
between  the  double-headed  rails  and  their  rail  supports  was  provided  by  dry  powdered  molybdenum 
disulphide,  applied  directly  to  the  steel  sliding  surfaces. 

Since  the  first  test  series  established  that  the  throw  force  required  to  operate  the  switch 
was  within  the  capabilities  of  conventional  switch  machines,  the  hydraulic  system  was  replaced  with  a 
conventional  electric  switch  machine  for  the  second  series  of  tests.  Although  the  required  throw 
forces  found  during  the  initial  series  of  tests  had  been  satisfactory,  corrosion,  with  subsequent  galling 
of  the  steel  surfaces  of  the  rail  supports,  became  noticeable  midway  through  the  second  scries  of  tests. 
Thus,  the  dry  powdered  MoSj  lubrication  was  abandoned. 

So  that  other  aspects  of  the  switch  development  could  continue  while  awaiting  delivery 
of  the  materials  required  to  modify  thq  switch  to  that  arrangement  used  for  the  third  series  of  tests, 
a  low  temperature  EP  grease  with  good  resistance  to  water  was  tried,  again  applied  directly  to  the 
steel  sliding  surfaces.  As  expected,  this  series  of  tests  showed  that  the  throw  forci'  requirements  were 
excessive  with  this  method  of  lubrication. 
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To  reduce  friction  and  to  eliminate  steel  to  ste»*l  contact,  the  first  ei^jlit  nulividiial  flat 
bearinKs  of  TFE  and  lead  impreimated  smteri'il  bronze,  about  0.75  mm  thick,  were  bondini  to  the  top 
surfaces  of  the  rail  supports,  such  that  the  double-headiHl  rails  were  supportiHl  through  the  bearings. 
The  entire  interface  between  the  rails  ami  their  supports  was  filled  with  an  all  w«-ather.  water  n'sistant, 
calcium  soap  bastnl,  railway  jo’ease  having  MoS,  and  graphite  Kl'  additiv«>s.  While  incidentally  pro¬ 
viding  lubrication  to  minimize  friction,  the  grease  was  primarily  meant  to  prevent  corrosion  and  to 
prevent  any  water  that  might  enter  the  interface  from  freezing  to  the  rail  and/or  support  surfaces 
with  any  degree  of  strength. 

Since  the  thirti  series  of  tests  produc'd  satisfactory  results,  the  n'lnaining  eighteen  bearings 
of  reinforct*d  TFE  wer»'  bonded  to  the  rail  sujiports  to  provide  proper  support  under  train  loads.  A 
few  tests  were  run  to  confirm  that  no  adverse  change  in  performance  had  resulted.  This  fourth  config¬ 
uration  remaim\l  as  the  final  one. 

3.2  Test  Equipment 

For  all  but  the  final  series  of  tests  the  switch  was  set  up  in  the  No.  1  Cold  Chamber  where 
the  environment  could  be  controlled. 

For  the  first  series  of  tests  a  hydraulic  system  was  used  to  throw  the  switch.  At  maximum 
system  pressure  the  hydraulic  cylinder  was  capable  of  providing  a  throw  force  in  excess  of  33  kN. 

For  the  second,  third  and  fourth  series  of  tests  a  conventional  32V  DC  electric  switch 
machine  was  us€hJ  to  operate  the  switch.  An  adjustable  voltage  DC  power  supply  powered  the  switch 
machine  through  conventional  controllers. 

A  single  copper-constantan  thermocouple  was  placed  in  one  of  the  locking  bar  guides  of  the 
switch  to  provide  a  measure  of  the  “deep”  rail  temperature.  The  existing  shieldeil  thermocouple  on 
the  south  wall  of  Chamber  1 A  was  used  to  measure  the  chamber  air  temperature. 

Four  strain  gauges,  mounted  in  a  temperature  compensating  full  bridge  configuration  on  a 
steel  throw  rod  and  calibrated  from  26.7  kN  compression  to  26.7  kN  tension,  measured  the  force 
required  to  throw  the  switch. 

3.3  Test  Procedures 

Test  conditions  were  established  in  the  cold  chamber  with  the  existing  refrigeration  system 
and  freezing  rain  and  snow-making  equipment.  During  cool-down,  the  chamber  temperature  was 
depressed  below  the  required  rail  temperature  in  order  to  accelerate  cooling  of  the  rail.  When  suffi¬ 
cient  time  was  available  before  a  test,  the  chamber  temjx'rature  was  brought  into  approximate 
equilibrium  with  the  rail  temperature. 

Freezing  rain  was  made  at  various  temperatures  between  -18°C  and  O^C.  After  sufficient 
ice  had  been  built  up  by  the  freezing  rain,  it  was  hardened  by  depressing  the  chamber  temix'rature  to 
near  -  18°C  for  the  first  test  series  and  to  near  -  7'’C  for  the  second  and  thin!  test  series,  before  testing 
for  the  throw  force.  For  test  No.  127  only,  exceptionally  severe  icing  was  created  by  applying  water 
from  a  laboratory  wash  bottle  directly  to  the  switch  “points”  with  the  chamber  and  rail  tenqH'ratures 
near  -  18°C. 

Snow  was  made  at  temperatures  ranging  from  -  35°C  to  -  15°C. 

3.3.1  Measurements  of  Test  Conditions 

The  “deep”  rail  temperature  was  taken  as  the  test  temperature. 

Ice  thickness  was  measured  at  the  switch  “points”;  average  snow  depth  n'sultinl  from 
measurements  taken  at  twelve  locations  distributed  throughout  the  switch;  and  snow  depth  at  the 
switch  “points"  was  averaged  from  those  measurements  closest  to  the  switch  “(wints”. 
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h  e  donsity  was  dotermiinHl  uraviniotrioally  by  displacemtMit  of  ice  water,  while  snow  density 
was  determiiuHl  (approximately)  by  coin|)arinK  the  weight  of  snow  in  a  carefully  filled  container  to 
the  weight  of  water  that  the  same  container  would  hold. 

3.3.2  I'est  Measurements 

For  most  of  the  throw  fore*'  metLsuremcnts  a  test  consistinl  of  ten  consecutive  throws  of 
the  switch  with  the  first  throw  moving  the  rails  towards  the  switch  machine  or  hydraulic  cylinder. 
When  using  the  electric  switch  machine,  the  DC  power  sup|)ly  was  set  to  provide  the  nominal  voltage 
at  the  switch  machine  terminals.  For  most  of  the  tests  involving  a  critical  first  throw,  the  “normal 
operating  voltage”  of  20  volts  was  usixi  as  specified  in  the  A.A.R.  Signal  Section  S(>ecification  101-52, 
Part  10-1.  Throw  rod  strain  and,  except  for  the  first  test  series,  actual  switch  machine  voltage  and 
current  were  continuously  recortled  during  the  tests. 

For  tests  No.  317  and  350  one  throw  was  made  every  15  minutes  during  a  continuous  heavy 
snowfall,  with  the  first  throw  occurring  15  minutes  after  the  beginning  of  the  snowfall. 

3. -I  Throw  Force  Requirements 

It  was  found  that  the  force  required  to  throw  the  prototyqie  Horizontal  Traverse  Switch 
ranged  from  le.ss  than  0.9  kN  to  more  than  18  kN,  depending  mainly  upon  the  test  conditions,  hut,  to 
.some  extent,  also  upon  the  )>articular  configuration  under  test. 

With  each  configuration,  the  requireil  throw  force  varied  considerably  during  a  series  of 
tests,  often  even  when  test  conditions  were  apparently  similar.  Wlnle  high  forces  were  requinxl  when 
breaking  ice,  initially  pushing  snow  aside,  or  compacting  snow,  the  throw  force  with  ice  and/or  snow 
on  the  switch  otherwise  was  not  api)reciably  greater  than  that  n'quired  to  throw  the  switch  under 
nominally  dry  conditions  at  the  .same  temin'rature.  Furthermore,  for  much  of  the  testing,  the  effects 
of  variables  other  than  tenqn'rature  were  not  easily  recognizable. 

3.4.1  Kffect  of  Dry  Cold 

Figure  2  shows  a  typical  throw  when  the  switch  was  dry  and  warm,  while  Figure  3  .shows 
a  ty))ical  throw  in  dry  cold  conditions.  The  initial  peak  in  the  throw  force  measurement  is  ap)>arently 
due  to  the  absorption  of  some  of  the  inertia  develoju'd  by  the  switch  machine  before  actually  sUirting 
to  move  the  switch  rails. 

It  was  found  that,  during  the  final  test  of  the  first  test  .series,  a  rapid  incresise  of  almost 
0.9  kN  throw  force  occurred  in  the  course  of  one  of  the  test  throws.  This  increastnl  force  persistwl 
throughout  the  remaining  throws  of  this  test.  For  dry  MoS;  lubrication,  the  throw  force  requirixl 
during  the  second  test  series  was  also  of  the  order  of  0.9  kN  higher  than  for  the  first  series.  Sub¬ 
sequent  disassembly  of  the  switch  and  inspection  of  the  sliding  surfaces  confirmtHi  that  corrosion 
with  subsequent  galling  of  the  rail  supports  was  occurring.  Because  any  degree  of  galling  is  totally 
unacceptable  and  because  it  would  surely  become  more  extensive  and  thus  lead  to  greatly  incrt'astnl 
throw  force  requirements,  the  dry  MoS>  lubrication  was  abandoned. 

As  expected,  the  viscous  friction  of  low  tenqierature  EP  grease  lubrication,  directly  between 
the  steel  surfaces  over  the  large  areas  involvwl,  resulUnl  in  throw  force  requirements  even  higher  than 
in  the  galled  condition  described  above.  Especially  when  considering  the  effect  that  viscous  friction 
would  have  at  lower  temperatures,  the  throw  force  requirements  with  this  configuration  wert'  rt'ganled 
as  excessive. 

With  the  installation  of  the  individual  flat  impregnated  bronze  bearings  to  support  the  rail 
and  the  application  of  the  all-weatlier  grease,  the  requirwl  throw  force  was  nxluctxl  to  acceptable 
levels.  .Mthough  the  particular  grease  used  during  this  test  series  remained  quite  plastic,  even  at  the 
lowest  temperatures,  the  throw  force  increasixl  as  the  temperature  decreasetl,  due  mostly  to  increasetl 
viscous  friction  of  the  grease. 
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Sonu'  sitjnifii'ant  iiiiToasos  in  throw  foroo  roquirotiu'iits  wt-r*’  h)Uiul  whon  tho  tfMi|M‘ra(iiri' 
was  holow  friH'ziiit>  aftor  tho  switrh  luul  luvn  siihjoi  ti'd  to  a  nunihor  of  vory  wot  fr<‘o7,<*-thaw  cyj  lcs. 
Those  iiuToased  throw  foroes  ooourrod  whotlior  or  not  snow  anii/or  ii-o  was  on  tlio  switoli.  Sinoo  water 
was  found  lietween  the  rails  anil  llu’ir  supports  on  disasseinhly  after  this  series  of  tests,  and  sinee  tins 
water  would  be  iee  when  the  rails  were  below  freezinn,  it  appears  that  sueh  iee  was  the  eause  of  tliese 
inereasiHl  throw  foree  requirenients. 

Kxeeptionally  low  throw  forces  were  found  in  (he  Series  I  tests  a|>j>arently  resulting  from 
the  addition  of  the  reinforeed  TFK  bearinns.  Sinee  the  switeh  was  ready  for  field  installation,  further 
tests  with  this  eonfinuration  were  postponixl  to  avoid  delay  in  shipment,  so  that  the  switeh  I'ould  be 
installed  in  traek  over  the  winter  of  1971-75. 

3. -1.2  Kffwt  of  Kreezinf’  Kain 

Figure  1  shows  iee  typical  of  that  made  from  freezing  rain,  while  Figure  5  shows  a  typical 
first  throw  breaking  free  of  ice.  The  exceptionally  .severe  icing  created  for  test  No.  127  and  its  effect 
on  throw  force  can  be  seen  in  Figures  0  and  7.  Such  severe  conditions  are  beyond  those  expected  to 
be  encountered  in  the  natural  environment.  Both  Figures  5  and  7  illustrate  the  characteristics  typical 
of  breaking  free  of  ice,  a  high  initial  peak  force  that  occurred  very  clo.se  to  the  start  of  the  throw, 
followed  by  a  sudden  break,  with  the  force  dropi'ing  to.  or  near  to,  zero  before  rising  again  to  a  fairly 
uniform  level  for  the  remainder  of  the  throw.  The  extent  of  the  drop  from  the  peak  suggests  a  signif¬ 
icant  elastic  springing  of  the  rails  prior  to  the  bri'ak.  This  was  confirmed  by  visual  oliserv'ation  during 
test  No.  127. 

The  throw  force  required  to  break  free  of  ice  resulting  from  freezing  rain  was  therefore 
determined  from  the  initial  {leak  force  encountered  during  the  first  throws  of  those  tests  for  which 
pertinent  details  are  given  in  Table  [.  Tiie  effect  of  ice  thickne.ss  on  throw  force  is  illustrated  in 
Figure  8.  Considering  the  imprecise  nature  of  the  ice  thickness  measurements,  the  variability  of  ice 
thickness  on  the  switch  and  the  variations  in  other  test  conditions,  the  test  results  were  fairly  con¬ 
sistent. 

3. -1.3  Kffect  of  Snow- 

Typical  of  the  heavy  .snowfalls  used  in  the  testing  is  that  shown  in  Figure  9.  and  typical  of 
the  throw  force  requirements  for  the  first  throw  in  heavy  snowfalls  is  Figure  10.  The  characteristics 
of  Figure  10  and  their  resemblance  to  (hose  of  “dry”  throws  (e.g.  Fig.  31  suggest  that  nothing  other 
than  increased  frictional  resistance  occurs  due  to  the  presence  of  the  snow.  Shear  of  the  snow  and 
the  weight  of  the  snow  adding  to  the  bearing  loads  could  account  for  this  increase  However,  when 
crusty  or  icy  snow  was  formed  around  the  “points”,  the  required  throw  force  show.-d  the  character¬ 
istics  of  breaking  weak  ice.  i.e.  it  required  an  initially  higher  force  to  break  free  than  to  continue 
movement . 


Pertinent  details  of  the  first  throw  which  initially  displaced  snow  after  each  fresh  snowfall 
are  presented  in  Table  11.  The  throw  forces  encountered  in  the  first  and  third  test  series  fell  within 
essentially  the  same  range.  However,  those  of  the  second  test  series  reflect  the  1.3  to  1.8  kN  higher 
“dry'”  throw  force  required  with  the  low  temperature  F,P  grease  lubrication.  Varying  severity  of  icing 
and/or  crusting  of  the  snow  made  on  the  “point”  end  of  the  switch  during  many  of  the  tests  un¬ 
doubtedly  contributed  to  the  lack  of  significant  relationships  found  in  this  data. 


In  Figure  11  tlie  only  occurrence,  during  all  the  testing,  of  significant  snow  com[>ression  at 
the  end  of  the  throw  can  be  seen  to  have  resulted  in  failure  to  close  the  switch.  The  cause  of  this  snow 
compression  was  found  to  be  the  closure  of  the  original  flat  inner  faces  of  the  bearing  clips  to  witbin 
about  6  mm  of  the  edges  of  the  baseiilate  and  rail  siq'port.  This  proldem  was  eliminatixt  lu'fore  pro¬ 
ceeding  with  further  testing  liy  chamfering  the  inner  edges  of  the  bearing  clips  to  form  a  “knife  edge” 
as  illustrated  in  Figure  1 . 


Al't'  appaii'iil  in  l•'l^;llr(■  11  i.'  .1  “siiv  k  ^llp"  l  yi  lnif;  whili-  iiiovin^  tlu*  lu'iivy  siunv  Iniui 
tlinni>;li  tiu'  mam  pt'ition  of  tlii'  lliiow  riu>  is  lu'lu'Vi'il  ti'  lu-  assiHialoil  witli  liisplacfimml  of  iin‘ 
snow  l>\  a  mi'oliamsm  of  snow  i  ompaotion.  followa'il  !>>  shear  ilisplaom^;  (he  i-ompai'PsI  snow  iipwaril 
out  of  the  way  of  the  eompaetmit  eit^;e  of  the  switi'h  rail  This  eyi  le  tlmn  eoiitiiuied  ti>  repeat  with 
fresh  snow  hem^;  eoinpaetisl  m  eaeli  i-yi  le  until  tlmeiul  of  the  throw  was  reaeheil  (wlu'theror  not  tlw' 
switi'li  was  fully  >  losi-ih 

For  till'  two  tests  Nos.  ;i  1  7  ami  nol'  the  repeateii  throw  m^;  of  the  sw  ileh  ihiriiij;  eontituioiis 
heavy  snowfalls  resiilteii  in  ai  emiuilat  ions  of  ilisplaeeil  ami  sul>sei|iieiilly  eompaeteil  snow  as  ilhis 
t, all'll  hy  Fixture  112.  niirm>;  the  final  It'  to  Ih'l  of  the  last  throw  of  test  No  HIT  (see  Fi>;  lUltlie 
switeh  maehme  almost  stalleil  (hree  times  hefore  fmalK  eomplelmf;  the  throw 

1.0  FIFI.I)  INSI  \1  I  AIION  f>F  I’KOIHIMM 

•After  weathering;  for  almost  a  year  in  the  t'l’  Kail  St  l.ue  Vavil,  ami  prior  to  installation  m 
l'•.lel\.  the  llori.'onlal  Fraierse  Swileh  was  mspeeteil  to  ensure  that  it  was  m  proi'er  eomlition.  It  was 
h  mill  that  a  luimher  of  the  flat  l'earmj;s  siipporlnij;  the  rails  hail  I'eeome  unhomleil  .\11  hearm>;s  were 
suhsi'iinently  eheekeil  ami  those  that  showeil  any  sl^;n  of  poor  homliiif;  were  replaeeil.  As  expeeteil, 
the  st’am  >;any;es  mstalleil  for  stress  testing;  were  fomul  to  he  nnser\ leeahle.  .A  eoinplele  new  .set  was 
mstalli'il.  .\t  this  same  time  two  aihlitional  strain  (;au>;es  were  mstalleil. 

In  early  Niwemher  It'Tn  the  llori/ontal  rraverse  Switeh  was  plaeeil  m  traek  on  the  leail 
into  the  St.  l.ne  Diesel  Shop  ( Fi^  I  D  It  replaeeii  a  inaiuially  thrown  h  m  split  switeh  Iniilt  of  Ih 
rail.  .Almost  all  tr.iffie  oxer  this  switeh  eonsisteii  of  liiesel  loeomotives  enternif;  the  shop  for  serviemj;. 
Drainage  of  snrfaee  water  w.is  itesenheil  ,is  lalher  poor  .it  this  site 

.Alter  lemoval  of  the  split  switeh  ami  .ihont  one  len>;th  of  (hestoek  rails  at  I'lthi'r  I'liil,  llie 
ite  w  .IS  exeavali'il  to  a  ileplli  of  ahonl  iFh  in.  I'lie  Hori.'ontal  rraverse  Swileh  w.is  then  plaeeil  m 
position  somewhat  further  from  the  fro);  than  the  split  swileh  hee-uise  of  its  smaller  lurmnil  ant;le. 
New  h'J  k>;  rails  were  eiil  to  the  reqnireii  lenitlhs,  with  the  appropriate  anitles  on  those  at  the  heel  of 
the  swill'll,  riiey  were  lirilleii.  where  neeessary  ,  for  eonnei'lion  to  the  swileh  .iml  to  the  ailjaeenl 
len(;tlis  of  stoi  k  rail.  I'liese  new  rails  were  first  holleil  to  the  haseplales  of  the  sw  iteh  lhronv;h  speeial 
r.nl  .mehors  ami  then  to  the  aitiaienl  In  ki;  sloek  rails  ihroni;h  eompromise  joints.  The  entire  traek 
w.is  visually  ahitneil  ami  leveleil  with  the  tiirnout  sloek  rails  simply  hemv;  eiineii  to  hleml  smoothly 
.It  eaeh  eml.  ('riisheil  roek  hallasi  was  plaeeil  ami  lampeil  aroiimi  the  switeh  as  final  level  aitjiisl 
iiients  were  m.iile.  Kail  anehors  were  adileil  to  eaeh  leiiitth  of  sloek  rail  ininii'ihately  adiaeenl  to  the 

SW  Ill'll 

riie  switeh  mai  lime  was  installed  and  powered  by  two  112  volt  batteries  I'lai'ed  m  series. 
Mattery  eharv;e  was  iiiaini. lined  with  standard  railway  triekle  ehari;ers  from  a  1  U' volt  .AC'  line  that 
had  been  broiit;lil  elose  to  the  swileh.  To  imheaie  aliijnnienl  of  the  switeh  an  elevalixi  pot  sijtnal  was 
mslalled  near  it  ami  on  the  jiosl  of  the  pot  si>;nal.  .1  lok;j;le  swileh  was  j'lovided  to  oi'i'vate  the  swileh 
maehine. 

I'o  monilor  the  use  of  the  llori.'onlal  rraverse  Swileh.  an  axle  eounler  was  mslalled  on  one 
of  the  sloek  rails  ne.ir  the  '■point "  end  of  the  swileh.  .iml  throw  eoimieiN  had  previously  been  installix) 
111  the  SW  Ill'll  inaehme 

The  first  ji.iss  over  the  I lori.’onl.il  I'raveise  Swileh  oeiurriHi  .it  about  IthU'  hours  on  .A 
November  l*'7.n  as  soon  as  the  siraii;ht  lhroui;h  ir.iek  vv  .is  ne>;oliable  1  low  ever,  smee  the  roadbixi  was 
still  .soft,  espeei.illy  under  temporary  lie.idbloeks.  eonsiderable  defleetii. ns  oeeurred,  the  only  notable 
one  bein>;  about  .S  em  at  the  "point"  end  of  the  left  switeh  r.iil  I’lie  ro.ulbeil  was  firnuxi  up  eon 
siderably  before  any  further  iraffie  (la-ssisl  over  the  swileh 

Installation  of  the  llori/onlal  I'r.iverse  Swileh  w.is  eonn'leted  on  7  November  11*75  and 
It  was  offieially  jilaeed  m  serxiee  at  l.hlH*  hours  on  It'  November  ll’7.’v. 


4.1  In.stullut ion  Problems 


4.1.1  ('uttiii)' St(K'k  Kuils 

The  ne«Hl  to  eiit  the  stock  rails  at  an  annU'  to  fit  the  heel  of  tlie  switch  requirwl  a  special 
set-up  on  a  saw  in  the  shop.  It  could  not  he  done  in  the  field. 

4.1.2  nrilUnc  St«H'k  Kails 


The  non-standard  drilling  of  the  special  rail  anchors  requintl  extra  cutting  and  drillinR  of 
the  stoi'k  rails  in  the  fielil. 

t.l.d  .'Mitmin^  Kail  F.nds 

Consiilerahle  difficulty  was  ex|H'rienced  in  alipiins  some  of  the  holes  when  holtiiiK  the 
special  rail  anchors  to  the  hirseplate,  while  at  the  same  time  attempting  toalipithe  stock  rail  ends  to 
the  switch  rail  ends. 


4.1.4  Switch  Kail  (.'learances 

No  provisions  had  heen  made  for  positively  controlling  the  proper  clearances  between  the 
switch  and  stock  rails.  The  stock  rails  simply  were  positiomnl  to  provide  the  necessary  nap  and  the 
rail  anchors  at  each  tie  relied  on  to  maintain  the  gap. 


4.1.5  Koadbed 

Support  of  the  switch  was  appiu-ently  non-uniform,  especially  under  the  left  switch  rail. 
The  "point  end  of  this  rail,  even  when  unloaded,  did  not  rest  on  its  beiU'ings.  Apparently,  it  was 
“cantilevered"  from  another  hearing  some  distance  from  the  “point”  end.  After  a  number  of  attempts 
to  correct  this  condition  by  lifting  the  rail  and  adding  ballast,  some  improvement  was  realized,  hut 
it  remained  clear  of  the  “point"  end  hearing  by  about  3  mm.  As  each  locomotive  wheel  set  ap¬ 
proached  the  switch  from  the  “point”  end,  deflection  of  the  stock  rail  and  base  of  the  switch  in- 
creastnl  this  clearance  to  between  9  mm  and  13  mm.  Consequently,  this  switch  rail  was  hammertHl 
severely  by  the  passage  of  each  wheel  set  in  this  direction.  On  a  reverse  pass  it  would  simply  spring 
baek  as  the  load  was  releastnl.  There  was  .some  deflection  under  the  heel  end  of  this  rail  such  that 
its  “point"  end  was  lifted  slightly  by  a  wheel  on  the  extreme  heel  end. 


The  more  solid  eonditions  under  the  “point"  end  of  the  right  switch  rail  resultwl  in  a 
hammering  of  only  about  3  mm  in  total.  No  notieeahle  deflections  couid  he  seen  at  the  heel  end  of 
this  rail. 


Spacers  subsequently  welded  to  the  top  of  the  switch  nxls  to  hold  down  the  switch  rails 
r«*duced,  but  did  not  eliminate,  the  hammering  of  the  “|H>int"  end  of  the  rails. 

4.1.6  Axle  Counter 

It  was  noted  that  the  axle  eounter  was  picking  up  spurious  signals.  After  measures  had  been 
taken  to  de-eouple  the  eounter  from  each  suspected  souree,  the  sensitivity  of  the  counter  was  re<luct\l. 
Although  wheels  pa.ssing  the  counter  transtiueer  at  crawl  speed  could  not  be  countiHl,  extraneous 
counts  apparently  ceastxl. 

4.2  Design  Modifications 

ReHle-sign  of  the  two  ends  of  the  Horizontal  Traverse  Switeh  to  inelude  stoek  rail  .sections 
as  part  of  the  switch  coulil  eliminate  most  of  the  installation  problems.  Alignment  and  clearanees 
relative  to  the  switeh  rail  ends  could  be  provided. 


Aliilitionul  strontrtli  iuui  stiffness  throuKli  to  thi'  oiufs  of  ttu'  stook  rails  eoiiUl  minimize 
ih'fleetions  resulting  from  poor  roadbed  support.  A  metluni  of  lioldin^  down  the  “point"  end  of  the 
switeh  rails  eould  eliminate  the  hammering;  of  these  rails.  Standard  rail  joint  bars  could  be  us«h]  for 
connection  to  ailjacent  stock  rails,  thus  eliminating'  much  of  the  cuttint;  and  drillinu  in  the  field  as 
well  as  any  special  cuts. 

5.0  SWnX’M  STKKSSKS 

To  determine  the  stress  levels  in  the  Horizontal  Traverse  Switch  under  service  conditions, 
a  series  of  strain  ^auge  measurements  was  conilucted  on  25  November  1975  with  the  assistance  of  the 
Railway  Laboratory  (see  Aj'pendix  for  details). 

5.1  Factors  of  Safety 

Comfiarinn  below,  the  maximum  stresses  determined  from  the  strain  jtauge  measurements 
to  the  nominal  yield  strenjjths  of  the  steels  u.sed  for  each  of  the  sections  reveals  that  adequate  factors 
of  safety  were  realized  durini;  the  testing. 


Component 

Yield  Strength 
(MPa) 

Simple  Bending 
Stress  (MPa) 

F'actor  of 
Safety 

Double  headed  rail 

965 

105 

9.2 

Kail  sup(>ort 

345 

90 

3.8 

Baseplate 

345 

70 

4.9 

With  the  principal  stress  of  105  MPa  in  the  left  inside  rail  head  at  the  locking  device  the 
factor  of  safety  was  9.2  also. 

K.xtrapolating  to  the  design  load  of  36,000  kg/a\le  results  in  the  following  stresses  and 
factors  of  safety. 


Component 

Yield  Strength 
(.MPa) 

Simple  Bending 
Stress  (.MPa) 

Factor  of 
Safety 

Double  headed  rail 

965 

145 

6.7 

Rail  support 

345 

125 

2.8 

Base  [ilate 

345 

95 

3.6 

A  further  extrapolation  of  the  stresses  induced  by  the  lateral  thrust,  due  to  a  48  km/h 
s(>eed  through  the  switch  on  turnout,  raises  the  principal  stress  in  the  left  inside  rail  head  at  the 
locking  device  to  160  MPa.  A  still  acceptable  factor  of  safety  greater  than  6.0  is  obtained.  However, 
calculations  indicate  that  with  these  conditions,  lateral  deflection  of  the  end  of  the  rail  would 
exceed  5  mm  compared  to  slightly  more  thim  1.5  mm  for  the  worst  test  condition.  Therefore,  for 
high  speed  turnout  service  lateral  support  of  the  extreme  “point"  end  of  the  switch  rails  will  be 
required. 

While  the  factor  of  safety  of  2.8  for  the  rail  support  may  appear  somewhat  low  for  live 
loading  conditions,  this  is  ba.sed  on  the  rather  conservative  assumption  that  the  rail  svipport  and  base¬ 
plate  bend  as  two  independent  bodies.  If  the  opposite  a.ssumption  is  taken,  i.e.  that  they  bend  as  one 
solid  body,  the  maximum  stress  in  the  rail  support  would  be  less  than  60%  of  that  reported  and  the 
factor  of  safety  would  be  more  than  4.5.  Although  the  extent  of  the  coupling  of  the  two  sections  is 
unknown,  the  actual  factor  of  safety  should  be  adequate. 
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6  0  Ol'KH ATIONS 

6.1  Service 

The  measurements  of  service  provided  l)y  the  a.\le  counter  are  of  doubtful  reliability  due 
t<»  sus|)«»ct»*tl  s|>unous  counts  and  due  to  the  counter’s  insensitivity  to  traffic  moving  more  slowly 
than  about  5  km  h.  However,  when  all  factors  are  considered,  it  is  estimated  that  in  the  order  of  3  Mt 
of  traffic  passed  over  the  switch  in  the  one  and  three-quarter  years  that  it  was  in  track. 

Although  there  were  individual  failures  of  the  throw  counters  in  the  switch  machine,  there 
was  collective  evidence  of  at  least  1-1,000  single  switching  operations  over  the  entire  trial,  or  about 
‘22  throws  per  day. 

6.2  Snow  and  Ice  Conditions 

Detiiils  of  the  snow  and  freezing  rain  that  fell  at  nearby  Dorval  Airport  during  the  two 
winters  encompasstnl  by  the  field  trial  are  shown  in  Table  III. 

6.3  Operating  Problems 

In  the  first  three  weeks  of  service  diesel  locomotives  were  run  through  the  open  switch  from 
the  turnout  track  twice,  once  on  16  November  1975  and  once  on  25  November  1975. 

Since  the  Horizontal  Traverse  Switch  is  a  stub  switch,  any  attempt  to  run  through  on  the 
open  rail  head  will  result  in  a  derailment.  However,  it  is  significant  to  note  that  after  the  first  three 
weeks  of  service  no  further  derailments  were  reported  and  no  significant  damage  to  the  switch  oc¬ 
curred  as  a  result  of  the  two  derailments  that  did  occur.  In  addition,  no  damage  to  the  locomotives 
was  reported. 

7.0  PROTOTYPE  PERFORMANCE  IN  SNOW  AND  ICE 
7.1  Operation  in  Snow  and  Ice 

The  total  snowfall  was  considerably  above  normal  during  the  first  winter  and  somewhat 
below  normal  during  the  second.  However,  each  winter  had  two  fairly  severe  storms  with  one  daily 
snowfall  near  25  cm  and  one  other  above  20  cm. 

It  had  been  requested  at  the  beginning  of  the  trial  that  the  Horizontal  Traverse  Switch 
not  receive  the  special  attention  to  cleaning  normally  accordetl  to  ordinary  split  switches,  but  only 
that  normally  accorded  to  track  alone  (Fig.  15).  Actually,  because  of  the  flanges  on  the  switch  rails, 
plow  blades  had  to  be  lifted  as  they  crossed  the  switch.  Therefore,  more  snow  remaimxl  on  the  switch 
than  on  the  adjacent  track. 

Figure  16  shows  the  "point”  end  of  the  right  rail  after  throwing  the  switch  in  undisturbed 
snow  and  after  return  to  the  original  position. 

Twice  during  the  first  winter  packed  snow  had  to  be  removed  from  the  adjustment  bracket 
on  the  throw  rod.  Three  other  service  calls  for  switch  rods  out-of-adjustment  may  have  been  attrib¬ 
utable  to  the  same  fault. 

During  the  second  winter  in  service  the  only  maintenance  call  involving  snow  was  for 
“switch  rods  full  of  snow”.  Otherwise,  it  was  reported  that  snow  post'd  no  problem  for  the  switch, 
it  continued  to  function  properly  even  when  completely  buried  by  snow. 

At  no  time  during  the  two  winters  was  the  Horizontal  Traverse  Switch  seriously  challenged 
by  freezing  rain.  On  only  four  days  did  the  freezing  rain  amount  to  about  5  mm  or  more,  with  a 
maximum  of  slightly  less  than  7  mm.  However,  the  laboratorj’  testing  indicated  that  the  switch  should 
still  be  operable  after  more  than  10  mm  of  ice  has  accumulated  on  it. 


7.2  l)t‘.si>'n  MiMlifiration 


Othor  than  thi“  nniuir  prohlom  with  siuiw  pai'koil  in  thi‘  aiijiistnu’tU  hrarknts  of  thn  .switi-)i 
riHls,  no  failures  were  attrihuteii  to  snow  even  though  tin-  switeh  was  at  tunes  completely  buried  by 
snow.  A  simple  seal  to  exclude  snow  from  the  aiijustment  brackets  should  make  the  llonziintal 
Traverse  Switch  completely  immune  to  reasonable  amounts  of  snow. 

8.0  PKOTOTYPK  .MKC’HANK’AL  TKKFOK.M A.Nt'K 


8.1  BiLsic  Structure 

The  basic  structural  components  of  the  Horizontal  Traverse  Switch  have  shown  no  sitinis 
of  structural  deterioration,  either  during  or  after  completion  of  the  field  trial.  Kven  the  excessive 
deflections  that  occurred  during;  installation  on  the  first  pass  over  the  switi’h  appan-ntly  had  no  ad¬ 
verse  effect . 


8.2  Kail  Support  Hearings 

Of  the  twenty-six  flat  bearinj;s  bonded  to  the  rail  support  sections  before  the  field  trial, 
only  three  remaineil  approximately  in  place  at  the  end  of  the  trial.  The  other  twenty-three  bearings 
had  been  periodically  ejected  from  between  the  rails  and  their  support  sections,  apparently  after  the 
bonding  of  the  bearings  to  the  rail  supports  failed.  .-Mthough  the  bearings  were  somewhat  distorted 
during  ejection  from  the  joints,  only  the  reinforced  TFE  bearings  showed  signs  of  distortion  from 
normal  service.  Except  where  the  rails  were  not  in  actual  contact  with  the  rail  supports,  no  grease 
remained  between  them  imd  some  minor  corrosion  had  started,  more  so  on  the  rail  support  than 
on  the  rail  itself.  From  measurements  of  worn  and  unworn  bearing  thickness  no  significant  wear 
was  discernible  from  normal  switch  oiu-ration  on  either  the  TFE  and  lead  imjiregnated  sintered  bronze 
or  reinforced  TFE  flat  bearings. 


In  May  1977,  because  of  the  apparently  rapid  and  accelerating  loss  of  the  flat  bearings 
from  between  the  switch  rails  and  the  rail  support  sections,  with  the  concomitant  increase  in  the 
force  required  to  throw  the  switch  ami,  therefore,  overloading  of  the  switch  machine,  it  was  recom¬ 
mended  that  the  switch  be  removed  from  track  “as  soon  as  a  replacement  switch  can  be  made  avail¬ 
able".  It  was  subsequently  removed  from  track  on  11  .-Vugust  1977. 


8.3  Alignment 

By  spring,  after  the  first  winter  of  service  in  track,  the  entire  switch  had  rotattxl  noticeably 
clockwise,  due  apparently  to  the  lateral  thrust  from  turnout  traffic  (Fig.  171.  .-\fter  the  second  winter 
the  rotation  was  found  to  be  much  worse.  It  was  also  reported  that  while  the  switch  had  recently 
been  realigntnl,  it  readily  returned  to  the  severe  misaligntx!  condition.  However,  it  was  notetl  at  the 
same  time  that  to  drain  the  switch  rod  tie  cribs  and  the  switch  machine  site,  a  drainage  ditch  had 
been  dug  immediately  adjacent  to  the  ends  of  the  ties  and  to  the  left  of  the  switch.  This  ditch  left 
the  tie  ends  essentially  without  lateral  support  from  the  ballast  for  at  Icitst  onc-lnilf  the  length  of 
the  switch. 


Both  “point”  end  stock  rails  became  severely  curved  as  their  ends  were  deflecteil  laterally 
with  the  “point”  end  of  the  switch  (Fig.  18).  However,  while  the  stock  rail  anchors  bent  the  left 
rail  into  an  ogee  shape,  thus  maintaining  gocxl  alignment  to  the  switch  rail,  a  bolt  missing  from  the 
right  rail’s  anchors  allowed  this  rail  to  avoid  the  nwerse  curvature  and  thus  become  inisaligtuxl  with 
the  switch  rail.  The  direction  of  the  curvature  also  resultwl  in  the  wheel  flanges  striking  the  tip  of 
this  stock  rail  and  causing  it  to  wear  excessively.  Otherwise,  alignment  of  individual  rail  heads  was 
satisfactory. 
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S.-4  fold  Flow  and  Wear  of  Kail  Heads 

On  six  oeeiLsions  during;  tlu‘  trial,  “titjlit  rails”,  due  either  to  longitudinal  rail  movements 
or  colli  flow  of  the  ends  of  the  rail  heads,  maile  it  necessary  to  either  "hump”  or  jjrind  the  rails  to  ease 
transfer  of  the  switch.  However,  cold  flow  of  tin*  rail  ends  had  apparently  slowed,  at  least,  after  the 
first  few  months  of  service.  By  the  end  of  the  trial,  cold  flow  had  rounded  off  the  ends  of  the  rail 
heads  so  that  the  top  surface  of  the  rails  at  about  G  mni  from  the  ends  averaRcd  .25  mm  below  the 
mam  rail  surface. 

After  the  first  winter  of  service  the  strai^tht-throunh  head  of  the  left  switch  rail  had  cold 
flowed  along  a  considerable  portion  of  its  length.  Only  a  very  slight  amount  of  cold  flow  had  started 
on  the  right  rail  straight-through  liead.  The  tuniout  heads  of  both  rails  were  entirely  free  of  this 
defect.  Inspection  after  completion  of  the  trial  showed  that  cold  flow  along  tlie  length  of  the  rail 
heads  had  continued  so  that  all  h;  the  left  turnout  rail  head  had  meitsurable  burring  (Table  IV). 
Possibly  the  side  thrust  from  the  wheel  flanges  served  to  minimize  the  cold  flow  of  this  particular 
head. 

Since,  for  each  rail  head,  the  outside  portion  of  the  top  surface  remained  unworn,  the 
surface  wear  was  measured  by  comparing  the  worn  rail  profile  to  the  theoretical  profile.  The  results 
are  also  shown  in  Table  IV.  W'eiu’  (and 'or  material  dis)>lacement  by  cold  flow)  of  the  rail  head  surfaces 
was  generally  low,  with  only  the  left  straight-through  head  showing  more  than  minimal  "weiu'”. 

Twelve  measurements  were  made  in  the  field  after  18  months  service  of  the  hardness  of 
the  switch  rail  heads  and  two  of  the  "(loint”  end  stock  rail  heads.  Rockwell  “A”  scale  readings  were 
taken  with  a  portable  hardness  tester  directly  on  the  rail  heads  with  no  preparation  other  than  the 
wiping  off  of  any  dirt.  The  tester  calibration  was  checked  on  a  test  specimen  of  known  hardness 
immediately  prior  to  the  rail  head  testing  and  again  on  the  following  day. 

While  the  calibration  showed  the  instrument  to  be  reading  four  units  high  on  the  Rockwell 
“C”  scale,  the  error  was  stable.  No  attempt  was  made  to  correct  the  calibration  in  the  field;  therefore, 
the  measurements  of  rail  hiu’dness  were  adjusted  by  subtracting  two  units  from  the  Rockwell  "A” 
scale  readings  (two  units  Rockwell  "A”  ==  four  units  Rockwell  "C”).  Table  V  lists  the  adjusted  meas¬ 
urements. 

Because  of  the  considerable  variations  in  the  hardness  tests  taken  in  the  field  and  because 
of  the  calibration  error  of  the  instrument  during  those  tests,  careful  measurements  of  surface  hard¬ 
ness  were  made  in  the  Laboratory  with  the  instrument  properly  calibrated.  The  average  hardness  at 
each  location  with  the  equivalent  Brinnell  hardness  and  the  overall  average  hardness  is  shown  also 
in  Table  V. 

The  surface  hardness  of  the  rail  heads  as  measured  carefully  in  the  Laboratory  showed 
little  variation  (with  no  relationship  to  the  cold  flow)  but  considerable  work  hardening  from  the 
original  rail  hardness  of  320  Brinnell.  It  is  more  likely  that  the  cold  flow  is  govemed  by  core  hardness 
rather  than  surface  hardness. 

8.5  Internal  Components 

After  less  than  three  months  service  internal  roll-pins  of  the  built-in  locking  mechanism 
sheared.  However,  for  yard  service,  where  sjieeds  were  low,  it  was  expected  that  the  switch  machine 
lock  was  fully  capable  of  resisting  any  small  side  thrusts  that  might  try  to  move  the  switch  rails  away 
from  the  built-in  stop.  Thus,  the  built-in  lock  was  considered  redundant  and  therefore,  it  w’as  left 
out  of  service.  No  problems  resulting  from  this  move  occurred. 

After  completion  of  the  field  trial,  examination  of  the  internal  locking  mechanisms,  pivots 
and  pivot  bearings  did  not  reveal  any  new  problems.  Both  wedge  locking  Liu’s  were  still  workable  and 
in  good  condition  despite  being  out-of-service  for  more  than  a  year  and  one-half  (Fig.  19(a)).  The 
pivots  and  pivot  bearings  showed  no  signs  of  deterioration  or  wear  (Fig.  19(b)).  Some  soft  rust  was 
found  on  the  baseplates  inside  the  rail  support  section  cavities  (Fig.  19(c)). 
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S.(»  Swi(fh  Miii'liiiio 

^llr<>^l^;h«)ll(  (lie  first  wiiitiT  llirro  wcrf  a  total  of  1  1  sorvifo  I'alls  for  switch  niachini'  proh 
Icms.  mostly  <l»ic  to  water  ami  ice  in  the  various  compartments,  'riiis  was  attrilnitcd  to  the  relatively 
poor  (Iramatte,  particularly  at  the  switch  machine.  However,  this  prohli-m  was  solved  before  the 
second  winter  hy  the  provision  of  the  drainaite  ditch  which  resulted  in  the  severe  misalignment  from 
rotation  of  the  switch. 

Marly  in  the  second  winter,  a  sei'tion  broke  out  of  the  cast  >;ear  frame  in  the  dual-control 
mechanism  of  the  switch  machine.  The  fracture  occurred  through  the  upper  lieariii^  of  the  hand  throw 
idler  ^;ear,  apparently  during  an  attempt  to  hand-throw  the  switch,  'riirounhoiit  the  remainder  of  the 
winter  tlm  switch  was  thrown  usinn  only  the  power-throw  option  of  the  switi'h  machine.  Late  in  April 
1!)77  the  castiiii;  was  welded  in  an  atlempt  to  return  the  hand-throw  mechanism  to  service.  However, 
the  weld  did  not  hold  and  the  hand-throw  remained  oiit-of-.service  to  the  end  of  the  trial. 

Trior  to  the  removal  of  the  switch  from  track,  the  switch  machine  was  lahoiirinit  exces 
sively,  twice  stalhiiK  in  mid-throw.  Although  the  throw  could  he  completed  with  the  hand  crank, 
the  switch  was  removed  from  service  afti'r  the  second  stall.  It  was  removed  from  trai’k  in  tlu‘  next 
couple  of  days. 

S.7  Design  Modifications 

While  the  flat  hearings  supporting  the  switch  rails  have  not  worn  significantly,  their  hondmt: 
to  the  rail  supports  is  obviously  unsatisfactory.  Superior  hondin^  technii|Ues  may  h»'  availahU';  how¬ 
ever  replacement  with  mi'chanically  fastened  hearings  would  increase  hearing  life  and  facilitate 
rt'placeinent  when  necessary.  Sine*'  tlie  reinforced  'I'V'K  hearin^;s  were  ap|)arenlly  distorted  hy  normal 
.service,  best  performaiu'e  should  he  ohtainahle  from  hearings  of,  or  at  h'asl  surfaced  with,  the  'TKM 
aiul  lead  impreniiated  smti'red  bronze  material.  'The  spacing  hetween  the  rail  and  support  surfaces 
should  not  he  changed  significantly.  'This  spacing  is  nei'c.ssary  to  maintain  the  grease  film  and  I'xclude 
dirt,  snow  and  ice  from  the  gap. 

Kotation  of  the  eiitiri'  switch  due  to  turnout  forces  was  obviously  ai’celerated  when  tiu' 
digging  of  the  drainage  ditch  removed  the  lateral  support  proved  hy  the  ballast.  .As  the  “point"  end 
of  the  switi-h  hecann'  significantly  displaci'd,  straighl-lhroiigh  traffii-  could  also  provide  forces  causing 
rotation  and  even  further  displacement.  'The  provision  of  extended  sections  of  stock  rail  as  part  of  the 
switch  should  provide  additional  ri'sistance  to  rotation  as  long  as  normal  ballasting  is  maintained. 
Where  nei'essary,  lateral  anchors  into  the  roailhed  could  he  provided. 

■As  well  as  simplifying  installation  and  providing  additional  resistaiu’e  to  rotation,  extended 
sei'tions  of  stoi'k  rail,  forming  part  of  the  switch  itself,  could  pi'rmit  accurate  alignment  and  clear¬ 
ances  to  he  maintained  with  a  minimum  of  grinding  of  the  rail  ends.  However,  with  a  stub  switch 
this  need  for  grinding  cannot  h«'  entirely  eliminated. 

For  yard  .service  the  huiU-in  locking  mei’hanism  should  he  left  out  of  si’rvice.  .A  modifii'd 
design  specifii’ally  to  facilitaft'  maiiiti'iiance  will  still  he  necessary  for  high  speed  luriioiit  duty. 

Any  I’orrosion  found  was  of  a  minor  nature.  The  hearing  imiirovements  discus.sed  above 
will  ensure  that  grease  will  remain  on  the  mating  surfaces  of  the  rails  and  their  .supports  with  only 
occasional  renewal.  Kurther  corrosion  of  tln'si'  surfaces  would  then  he  eliminated.  .Ai'plication  of  a 
film  of  grease  to  the  internal  surfaces  of  the  ha.seplate  rail  support  assemblies  prior  to  assembly  would 
retard  fhi'  internal  <-orro.sion  sm-h  as  that  found  on  the  baseplates. 

0.0  CONt’l.HSIONS  AND  UKCOMMMND.A TIDNS 

A  new  railway  track  switch  has  been  designed  and  a  prototype  has  been  tested  in  railway 
serviee.  It  is  eapabh'  of  operation  in  snow  and  in  ice  without  spivial  attention  to  snow  elearing  and 
without  assistance  from  add-on  snow  protection  di'viees. 
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9.1  Service 

Over  the  one  and  three-quarter  year  period  that  the  prototype  Horizontal  Traverse  Switch 
was  in  track  it  provided  generally  satisfactory  .service  under  heavy  duty  slow  sfieed  conditions  with 
minimal  snow  removal  and  minimal  maintenance.  Traffic  over  the  switch  amounted  to  about  3  Mt 
(mostly  locomotives),  requiring  about  14,000  individual  switching  operations. 

9.2  Performance  in  Snow  and  Ice 

With  snowfall  ranging  from  below  to  above  normal  and  including  a  few  reasonably  severe 
storms,  the  Horizontal  Traverse  Switch  functioned  properly  during  the  two  winters  in  track  with  only 
one  minor  problem  attributed  to  snow.  A  seal  to  exclude  snow  from  the  adjustment  brackets  of  the 
switch  rods  should  be  designed. 

At  no  time  during  the  field  trial  was  the  switch  seriously  tested  by  ice  build-up  from 
freezing  rain.  However,  no  problems  were  encountered  with  up  to  about  7  mm  of  freezing  rain. 

9.3  Mechanical  Performance 

From  the  strain  gauge  measurements,  no  overstressing  of  the  major  structural  components 
of  the  switch  was  found.  In  addition,  over  the  one  and  three-quarter  year  period  of  the  field  trial, 
no  dangerous  structural  failures  of  the  Horizontal  Traverse  Switch  occurred  and  none  appeared  im¬ 
minent.  However,  structural  improvements  can  be  made  in  joining  the  switch  to  the  track  at  both  ends 
of  the  switch.  At  the  same  time  a  number  of  functional  failures  and  problems  need  to  be  remedied 
before  the  switch  is  again  placed  in  track  for  further  evaluation. 

1)  Low  friction  bearings,  about  0.75  mm  thick,  capable  of  being  operated  dry,  were  found 
to  be  necessary  between  the  rails  and  their  supports.  Then,  by  filling  the  spaces  between 
the  bearings  with  a  water  resisjtant  grease  having  a  low  apparent  viscosity  at  low  tempera¬ 
tures,  while  still  remaining  in  place  at  high  temperatures,  very  little  water  can  penetrate 
between  the  rails  and  their  supports.  In  addition,  the  small  but  significant  separation  of  the 
large  surfaces  of  the  rails  and  their  supports  greatly  reduced  friction  due  to  viscous  shear 
in  the  grease  at  low  temperature.  However,  because  of  the  bonding  problem,  the  bearings 
should  be  redesigned  to  fasten  mechanically  to  the  rail  support  sections,  but  without 
significantly  changing  the  spacing  between  the  switch  rails  and  their  support  sections. 

2)  Both  ends  of  the  switch  should  be  redesigned  to  provide: 

a)  continuous  rail  support  sections  to  the  ends  of  the  baseplates, 

b)  special  stock  rail  sections  that  bolt  to  the  extended  rail  supports  and  that  extend 
beyond  the  ends  sufficiently  to  provide  additional  resistance  to  rotation  of  the  switch 
and  connection  to  adjacent  rails  with  standard  rail  joint  bars,  and 

c)  proper  alignment,  clearances,  hold-down  and  lateral  support  of  the  point  end  of  the 
switch  rails. 

3)  To  maintain  switch  alignment,  provision  should  be  made  to  anchor  the  switch  against 
lateral  displacements  from  turnout  forces.  Perhaps  pieces  of  old  rail  spiked  to  the  bottom 
of  the  ties  in  a  direction  roughly  parallel  to  the  track  could  provide  sufficient  anchorage. 

4)  For  the  existing  prototype  switch  the  cold  flow  and  surface  hardness  of  the  rail  heads 
should  be  monitored  during  any  subsequent  in-track  trials.  For  any  replacement  rails  and/or 
new  switches,  the  core  hardness  of  the  rail  heads  should  he  increased. 

5)  The  design  of  the  pivots  and  pivot  bearings  is  satisfactory. 


fi)  slow  sjh'chI  yard  sorvii-c  the  hiiilt-iii  locking  nu'olianism  oan  ho  dispoiistnl  with.  Tho 

switch  machine  lockmn  system  can  he  uswt  to  lock  up  the  switch.  However,  in  the  event 
that  the  Horizontal  Trav«'rse  Switch  is  placiHl  in  hi({h  sihmhI  service  at  some  future  date, 
a  new  drop-in  unit  desinn  of  lockinn  mechanism  with  simple  as.semhly  and  disassemhly 
features  should  he  provided. 

7)  The  internal  surfaces  of  the  baseplates  and  rail  supports  should  he  thoroughly  gn>a.stHl 

with  a  fireservative  grease  before  a.ssemhly  to  i>rovide  protei'tion  from  corrosion. 

9.4  (>eneral 

Because  it  is  a  stub  switch  any  attempteii  run-through  will  result  in  a  ilerailment  and 
grinding  or  other  adjustment  of  the  rail  ends  will  h»>  nece.ssary  periotlically. 

9.5  Future  of  Horizontal  Traverse  Switch 

Subject  to  continued  railway  interest,  the  existing  prototype  of  the  Horizontal  Traverse 
Switch  should  he  modified  as  recommended  above  and  reinstalled  in  track  for  further  evaluation, 
preferably  at  a  location  in  a  yard  where  it  will  be  subjected  to  much  more  freipient  use. 
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other  involved  personnel  of  CP  Rail  for  their  co-operation  and  assistance  in  condv»cting  the  field  trial 
on  this  prototype  switch. 
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The  'Cyclone  Switeh  Heater'  for  Railway  'I'rack  Switches 
l^ototype  Performance  Rcaluation. 

NRC/DMK  Lab.  Tech.  Report  LTR  LT  93,  National 
Council  of  Canada,  Ottawa,  January  1979. 

An  Rner^’ -Consercinf;  Railway  Switch  Protector. 

NRC/DMK  Newsletter  Vol.  1,  No.  2,  National  Re.sear<‘h  Council 
of  Canada,  Ottawa,  June  1976. 

Railway  Track  Switch  Operable  in  Snow  and  Ice  Part  I.  Hesifsn 
and  lAiboratory  Rvaluation. 

NRC/DMK  Lab.  Tech.  Report  LTR-LT-55,  National  Research 

Council  of  Canada,  Ottawa,  April  1975. 

Railway  Tivek  Switch  Operable  in  Snow  and  Ice  Part  H.  I'n^totype 
Field  Installation,  Te.stina  and  Performance. 

NRC/DMK  Lab.  Tech.  Report  LTR-LT-(5(5,  National  Research 

Council  of  Canada,  Ottawa,  June  197(5. 

Railway  I'rack  Switch  Operable  in  Snow  and  Ice  —  Part  III  l*rolo 
type  Performance  Fvaluation. 

NRC/DMK  Lab.  Tech.  Report  LTR-LT-87,  National  Research 

Council  of  ('anada,  Ottawa,  April  1978. 


Resi'arch 

Part  H 
Researi’h 
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TABLE  I 

EIRST  THROWS  IN  FRESH  ICE 


ICE 

THROW  FtllU'E 

Test  No. 

Rail  Temp. 
(°C) 

Clear  Thickness 
(mm) 

Average  Density 
(g/cm’) 

Initial  Peak 
(kN) 

Test  Series 

#1  with  dry  MoSj 

lubrication 

109 

-16 

13 

- 

11.4 

124 

-7 

13 

- 

15.9 

126 

-17 

6 

0.88 

8.5 

127 

-18 

16* 

0.91 

19.4 

Test  Series  #3  with  flat  TFE  and  lead  improRnattHl  bronze  bearings 

321 

-3 

6 

0.92 

8.3 

325 

-3 

6 

0.90 

6.8 

333 

-4 

9.5 

0.90 

10.1 

337 

-1 

11 

0.90 

10.4 

Ice  made  on  points  only. 
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TABLE  II 

FIRST  THROWS  IN  FRESH  SNOW 

SNOW  THROW  FORCE 


Test  No. 

Rail 

Temp. 

Cc) 

Avg. 

Depth 

(cm) 

Avg. 

Density 

(g/cm^) 

Initial 

Peak 

(kN) 

High  Force 
During  Throw 
(kN) 

Compression 

Peak 

(kN) 

Test  Series  #1  with  drv  MoS..  liihru-at.inn 

117 

-16 

9.4 

0.16 

3.6 

3.5 

.. 

119 

-21 

16.5 

0.17 

4.2 

6.3 

34.7* 

121 

-27 

8.9 

0.13 

5.4 

3.2 

— 

Test  Series  #2  with  low  temoerature  RP  praaso  liihri»>ntir.n 

232 

-20 

4.1 

0.14 

4.3 

4.5 

.. 

233 

-17 

16.5 

0.29 

6.0 

7.4 

.. 

Test  Series  ^3  with  flat  TFE  imprepnateH  hrnn7.p  hpnrmgc 

297 

-18 

12.4 

0.31 

5.2 

6.1 

.. 

301 

-17 

14.5 

0.31 

4.8 

4.8 

— 

306 

-16 

15.5 

0.22 

4.1 

3.1 

.. 

310 

-14 

21.8 

0.28 

5.1 

5.6 

Switch  not  closed.  Force  limited  only  by  hydraulic  system  pressure  relief  setting.  Modifications 
to  Bearing  Clips”  before  further  testing  prevented  recurrence. 
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TABLK  III 

SNOW  AND  ICE  CONDITIONS 
(data  recorded  at  Dorval  Airport) 


Winter  1975/76 

Period  covertHi :  start  7  Nov. 

<‘nd  11  Apr. 

Total  No.  of  Calendar  days  156 

No.  of  days  with  measurable  snow  62 

Total  snowfall  301  cm 

Ma.x.  daily  snowfall  24.6  cm 

No.  of  days  exceeding  snowfall  of: 

20  cm  2 

10  cm  9 

Avg.  snow  on  ground  21.1  cm 

Peak  snow  on  ground  48  cm 

No.  of  days  with  freezing  rain  3 

Daily  amounts  of  freezing  rain  4.6  mm 

5.1  mm 


1976/77 

17  Oct. 
8  Apr. 
174 
80 

200  cm 

25.9  cm 

2 

4 

15.1  cm 
54  cm 
3 

1.7  mm 

6.9  mm 


6.4  mm 


2.0  mm 


RAIL  HEAD  WEAR 


Point  0.13  0.51 


TABLE  V 
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^IVOT  DISC  — ' 


FIG.  1;  6.7  m  HORIZONTAL  TRAVERSE  SWITCH 
FOR  S2  kg  A.R.E.A.  RAIL 


SUPPORT-' 


NT 


WEDGE  LOCKING  BAR 


-  50  - 


horizontal  traverse  switch 

-t-  I9°C  RAIL  TEMPERATURE 

20  VOLTS  DC  SUPPLIED  TO  SWITCH  MACHINE 


SWITCH 

CLOSED 


TIME  ( SEC  ) 


FIG.  2:  FIRST  THROW  DRY  AND  WARM 


THROW  FORC 


i^li 

horizontal  traverse  switch 


6mm  thickness  OF  CLEAR  ICE 
0  90  q/cm*AVG  ICE  DENSITY 
-3°C  RAIL  TEMPERATURE 

20  VOLTS  DC  SUPPLIED  TO  SWITCH  MACHINE 


FIG.  5:  FIRST  THROW  BREAKING  ICE 


-  55  - 


horizontal  traverse  switch 

TEST  *127 

I6mm  IHICKNESS  OF  ICE  (ON  POINTS  ONLY) 
0.91  g/em^  ICE  DENSITY 
-ia°C  RAIL  TEMPERATURE 
SWITCH  HYRAULICALLY  ACTUATED 


TIME  (SEC) 


FIG.  7:  FIRST  THROW  BREAKING  CLEAR  ICE 


THROW  FORCE  (kN) 
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HORIZONTAL  TRAVERSE  SWITCH 

0.9g/cm’AVG  ICE  DENSITY 
-I8°C  TO  -l°C  RAIL  TEMPERATURE 


FIG.  8:  INITIAL  PEAK  FORCE  OF  FIRST  THROW  BREAKING  ICE 


II 

>1 

ISl 

1  i 

HORIZONTAL  TRAVERSE  SWITCH 


2  1.8  cm  AVG  SNOW  DEPTH 
0.28  g/cm’  AVG  SNOW  DENSITY 
-3°C  RAIL  TEMPERATURE 

20  VOLTS  DC  SUPPLIED  TO  SWITCH  MACHINE 


SWITCH 

CLOSED 


i _ I _ I _ I _ I _ L 

4  6  8  10  12  14  16 

TIME  (SEC) 


FIG.  10:  FIRST  THROW  MOVING  TYPICAL  SNOW 


PEAK  THROW  FORCE  (kN) 
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1 


HORIZONTAL  TRAVERSE  SWITCH 
TESTS  *317  a  350 

0.24  g/cm*  AV6  SNOW  DENSITY 
'I6°C  AVG  RAIL  TEMPERATURE  (TEST  *317) 
-I9°C  AVG  RAIL  TEMPERATURE  {  TEST  *350) 
20  VOLTS  DC  SUPPLIED  TO  SWITCH  MACHINE 


FIG.  12:  PEAK  THROW  FORCE  DURING  CONTINUOUS  SNOWFALL 


J 


HORIZONTAL  TRAVERSE  SWITCH 
TEST  *317 

28  7cm  AV6  SNOW  DEPTH 

0.24  g/cm*  AVG  SNOW  OENSITT 

-le^C  AVG  RAIL  temperature 

20V0LTS  DC  supplied  TO  SWITCH  MACHINE 


FIG.  13:  LAST  THROW  DURING  CONTINUOUS  SNOWFALL 


AFTER  RETURN  TO  ORIGINAL  POSITION 


FIG.  16:  THROWING  SWITCH  IN  SNOW 


ALIGNMENT  -  NOVEMBER  1975 


ALIGNMENT  -  APRIL  1976 


FIG.  17;  ROTATION  OF  SWITCH 


APPENDIX  A 


Al.O  STRESSES  IN  SWITCH 
Al.l  Test  Method 

Three  cars  and  a  diesel  locomotive  provided  a  variety  of  loading  conditions  at  three  different 
nominal  speeds  during  a  total  of  twelve  measuring  passes  over  the  switch.  Additional  measurements 
were  made  when  two  diesels  passed  over  the  switch  on  their  way  to  the  diesel  shop  for  service.  From 
the  strain  measurements  and  the  known  modulus  of  elasticity  of  steel,  the  stresses  in  the  switch  were 
subsequently  calculated. 

A1.2  Strain  Gauge  .Measurements 

The  strain  gauges,  bonded  to  the  switch  prior  to  its  installation  in  track,  were  located 
where  theoretical  stress  analysis  had  shown  the  highest  stresses  could  be  expected. 

A  1.3  Test  Load 

The  test  train  consist  was  as  follows: 


CP  Rail  No. 

Type 

Load 

Nominal  Gross  Weight 

342418 

gondola 

rails 

unknown 

418432 

14  m  wheel  flat 

none 

20,500  kg 

339739 

16  m  gondola 

tank  “full”  of  tar 

unknown 

7012 

diesel  locomotive 

104,000  kg 

Each  had  four  axles  only.  The  two  diesels  were  No.  6622  at  88,500  kg  and  No.  6508  at 
90,000  kg  again  with  four  axles  each. 

A1.4  Test  Runs 

All  test  runs  started  from  the  point  end  with  the  locomotive  trailing  and  returned  from  the 
heel  end  with  the  locomotive  leading  as  per  Table  AI.  From  the  nominal  centre  to  centre  distances 
of  the  locomotive  trucks,  6.86  m  for  No.  7012  and  6.71  m  for  No.  6508,  and  the  one  second  timing 
lines  recorded  on  the  charts,  the  actual  speed  for  each  run  was  subsequently  calculated. 

A1.5  Stress  Analysis 

The  maximum  simple  bending  stresses  at  each  section  were  estimated  from  the  calculated 
position  of  the  neutral  axis  and  extreme  fibres  and  the  measured  position  of  the  strain  gauges.  Where 
applicable,  combined  and  principal  stresses  were  estimated.  All  static  stresses  existing  in  the  switch 
due  to  its  own  weight  or  due  to  irregularities  in  the  supporting  roadbed  and  ties  were  assumed  to  be 
negligible  compared  to  the  stresses  induced  by  the  car  and  locomotive  loads.  Because  of  the  inac¬ 
curacies  inherent  in  this  method,  the  stresses  were  generally  reported  to  the  nearest  5  MPa. 

After  a  cursory  inspection  of  the  recordings  and  preliminary  stress  calculations  for  each  car 
and  the  locomotive  for  Run  No.  1,  it  was  decided  that  an  adequate  measure  of  the  stresses  in  the 
switch  could  be  obtained  without  detailed  analysis  of  the  stresses  from  the  medium  speed  runs  or 
of  the  stresses  caused  by  the  three  cars  during  the  other  runs.  For  Runs  No.  1  through  4  and  9  through 
12  only  the  highest  peak  compressive  and  tensile  stresses  at  each  section  were  determined  for  the 
locomotive.  From  the  three  turnout  runs.  No.  3,  7,  and  9,  the  effects  of  lateral  thrust  on  the  left 
switch  rail  were  calculated. 
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Since  the  two  locomotives  of  Run  X  were  so  similar  in  weight,  the  peak  stresses  for  each 
wheel  were  determined.  From  this  data  the  variations  about  the  average  stresses  were  determined 
and  the  highest  stresses  were  extracted  for  inclusion  with  the  data  from  Runs  No.  1,  2,  11  and  12. 
The  overall  average  variation  was  about  ±20%. 

For  Runs  No.  1,  X  and  11,  the  maximum  simple  bending  stresses  in  the  left  rail  at  the 
locking  device  were  calculated  from  the  measurements  of  two  separate  strain  gauges,  one  mounted 
above  and  the  other  below  the  neutral  axis.  Analysis  of  these  results  indicated  that  the  method  of 
extrapolating  the  measured  data  to  obtain  the  maximum  simple  bending  stresses  would  not  impair 
the  credibility  of  the  results. 

A1.6  Stresses  in  Double  Headed  Rails 


Details  of  the  stress  measurements  for  the  double  headed  rails  are  shown  in  Table  All 
The  highest  simple  bending  stress  of  105  MPa  occurred  at  the  top  of  the  rail  heads  in  longitudinal 
bending. 

A  1.6.1  Principal  Stresses 

Vertical  Shear  stresses  were  found  to  have  no  significant  effect  on  the  maximum  princi¬ 
pal  stresses.  Therefore,  except  for  those  cases  involving  lateral  bending,  the  simple  bending  stresses 
were  essentially  the  principal  stresses.  On  turnout  at  21.4  km/h  the  combination  of  lateral  bending  and 
longitudinal  bending  resulted  in  a  maximum  principal  stress  at  the  locking  device  in  the  left  inside 
rail  head  of  105  MPa  tension  and  in  the  bottom  outside  corner  of  the  rail  flange  of  90  MPa  compres¬ 
sion. 

A  1.7  Stresses  in  Rail  Supports 

Assuming  that  the  rail  support  and  baseplate  bend  as  two  independent  bodies  (the  most 
conservative  condition),  details  of  the  resulting  stresses  for  the  rail  supports  are  shown  in  Table  AIII. 
The  highest  stress  of  90  MPa  occurred  at  the  base  of  the  section  midway  between  the  locking  device 
and  the  pivot. 

A  1.8  Stresses  in  Baseplates 

On  the  assumption  that  the  maximum  stress  in  the  baseplates  would  occur  just  beyond  the 
point  end  of  the  rail  support,  details  of  the  baseplate  stresses  are  shown  in  Table  AIV.  The  highest 
stress  measured  was  70  MPa. 


TABLE  AI 

SWITCH  STRESSES  TEST  RUNS 


Run 

No. 

Switch 

Direction 

Travel 

from 

Locomotive 

Nominal 

Speed 

1 

straight-through 

point 

trailing 

8  km/h 

2 

return 

heel 

leading 

8  km/h 

3 

turnout 

point 

trailing 

8  km/h 

4 

return 

heel 

leading 

8  km/h 

X 

straight-through 

point 

2  diesels 

5 

straight-through 

point 

trailing 

16  km/h 

6 

return 

heel 

leading 

16  km/h 

7 

turnout 

point 

trailing 

16  km/h 

8 

return 

heel 

leading 

16  km/h 

9 

turnout 

point 

trailing 

24  km/h 

10 

return 

heel 

leading 

24  km/h 

11 

straight-through 

point 

trailing 

24  km/h 

12 

return 

heel 

leading 

24  km/h 

1 1  . . .  ii  «.i  ■  I 


-72- 


TABLE  All 

STRESSES  IN  DOUBLE  HEADED  RAILS 


Simple  Longitudinal  Bending 

The  highest  stresses  occurred  at  the  top  of  the  rail  heads. 


Stress 

@ 

Load 

@ 

Switch 

Direction 

Rail 

Stresses  (MPa)* 

Avg.  Peak  High  Peak 

Remarks 

straight- 

left 

+60 

+75 

Highest  when  all 

point 

through 

right 

+35 

+40 

whtH'ls  of  one  truck 
are  on  switch. 

turnout 

left 

+60 

+90 

locking 

right 

+35 

+40 

device 

straight- 

left 

-30 

-35 

locking 

through 

right 

-50 

-55 

device 

turnout 

left 

-20 

-20 

right 

-70 

-85 

straight- 

left 

-95 

-105 

Highest  stresses  in 

pivot 

through 

right 

-50 

-55 

switch. 

turnout 

left 

-60 

-70 

pivot 

right 

-70 

-85 

straight- 

left 

+90 

+  105 

heel 

through 

right 

+55 

+70 

left 

turnout 

+55 

+70 

right 

+75 

+90 

Simple  Transverse  Bending 


The  highest  stresses  occurred  at  the  root  of  the  flange. 


Stress  Load 

@  @ 

Switch 

Direction 

Rail 

Stresses  (MPa)* 

Avg.  Peak  High  Peak 

Remarks 

near  locking 
device 

straight- 

through 

left 

+20 

±30 

turnout 

right 

+60 

±70 

Simple  Lateral  Bending 

The  highest  stresses  occurred  on  the  outside  edges  of  the  left  rail  flange. 


Stress 

@ 

Load 

&> 

Switch 

Direction 

Speed 

(km/h) 

Peak  Stress* 
(MPa) 

Remarks 

locking 

0.6  m 

turnout 

11.1 

±10 

device 

from  point 

17.4 

±22 

21.4 

±30 

*  +ve  *  tension 


-ve  =  compression 


TABLE  AlII 


STRESSES  IN  RAIL  SUPPORTS 


Simple  Longitudinal  Bending 


Stress 

Load 

Switch 

Rail 

Stresses  (MPa)* 

Remarks 

@ 

@ 

Direction 

Support 

Avg.  Peak 

High  Peak 

straight- 

left 

+30 

+30 

point 

through 

right 

+20 

+30 

turnout 

left 

+20 

+30 

locking 

right 

+20 

+20 

device 

straight- 

left 

-30 

-35 

locking 

through 

right 

-20 

-30 

device 

turnout 

left 

-30 

-35 

right 

-20 

-30 

straight- 

left 

+35 

+35 

pivot 

heel 

through 

right 

+50 

+75 

turnout 

left 

+40 

+40 

right 

+70 

+70 

midway  between 

straight- 

left 

+85 

+90-*— 

Highest  stresses  in 

locking  device 

through 

right 

+40 

+55 

rail  support 

and  pivot 

turnout 

left 

+55 

+60 

right 

+60 

+60 

Simple  Transverse  Bending 


Of  the  four  strain  gauges  mounted  to  measure  transverse  bending  stresses  in  the  top  of  the  rail  support 
section,  two  were  unserviceable  before  the  start  of  testing,  one  was  electrically  shorted  as  the  load  was 
applied,  and  the  final  one  produced  unreadably  small  deflections  on  the  chart. 

*  +ve  =  tension  -ve  =  compression 


TABLE  AIV 

STRESSES  IN  BASEPLATES 

Simple  Longitudinal  Bending 

It  was  assumed  that  the  maximum  stress  would  occur  just  beyond  the  point  end  of  the  rail  support. 


Stress  Load 

@  @ 

Switch 

Direction 

Base¬ 

plate 

Stresses  (MPa)* 

Avg.  Pea.k  High  Peak 

Remarks 

Just  beyond 
point  end  of 
rail  support 

straight- 

through 

left 

right 

±60 

±70 

±70 

±70 

turnout 

left 

right 

±60 

±70 

±60 

±70^ — 

Highest  stresses  in 
baseplate. 

+ve  =  tension  -ve  =  compression 
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CURRENT  PROJECTS 


Much  of  the  work  in  progress  in  the  laboratories 
of  the  National  Aeronautical  Establishment  and  the  Division 
of  Mechanical  Engineering  includes  calibrations,  routine 
analyses  and  the  testing  of  proprietary  products;  in  addition, 
a  substantial  volume  of  the  work  is  devoted  to  applied 
research  or  investigations  carried  out  under  contract  and  on 
behalf  of  private  industrial  companies. 

None  of  this  work  is  reported  in  the  following  pages. 


i’RICSQlMQ 
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ANALYSIS  LABORATORY 


AVAILABLE  FACILITIES 

This  laboratory  has  analysis  and  simulation  facilities  available  on  an  open-shop  basis.  Enquiries  are  especially  encouraged  from 
industry  for  projects  that  may  utUize  the  facilities  in  a  novel  and/or  particularly  effective  manner.  Such  projects  arc  given  priority 
and  ate  fully  supported  with  assistance  from  laboratory  personnel.  The  facilities  are  especially  suited  to  system  design  studies  and 
scientific  data  processing.  Information  is  available  upon  request. 


EQUIPMENT 

An  Electronic  Associates  690  HYBRID  COMPUTER  consisting  of  the  following; 

(a)  PACER  100  digital  computer 

-  32K  memory 

-  card  reader 

-  high  speed  printer 

-  disc 

-  digital  plotter 

—  Lektromedia  interactive  terminal 

(b)  Two  EAI  680  analogue  computer  consoles 

-  200  amplifiers  including  60  integrators 

-  100  digitally  set  attenuators 

-  non-linear  elements 

-  x-y  pen  recorders 

-  strip  chart  recorders 

-  large  screen  oscilloscope 

(c)  EAl  693  interface 

-  24  digital-to-analogue  converters 

-  48  analogue-to-digital  converters 

-  interrupts,  sense  lines,  control  lines 


Dual  channel  real  time  portable  spectrum  analyser,  Hewlett  Packard  Model  3S82A.  Bandwidth  0.02  to  25.5  Hz.  BuUt-in  periodic 
and  random  sources  for  transfer  function  and  transient  signal  analysis. 


GENERAL  STUDIES 

A  microprocessor-based  function  generator  for  the  hybrid  computer  is  being  designed.  A  TI  9900  development  system  has  been 
obtained  to  be  used  for  the  project. 

A  study  is  being  made  on  the  use  of  topological  methods  to  describe  and  analyze  complex  system. 


APPLICATION  STUDIES 

Aviation  Electric  Ltd.  hybrid  computer  modeling  work  is  continuing  in  support  of  their  advanced  control  concepts  for  both  the 
small  business  jet  engine  and  the  helicopter  engine. 

Canadian  Westinghouse  Ltd.  are  continuing  a  study  of  fuel  controller  requirements  for  a  new  family  of  industrial  gas  turbines. 

A  hybrid  computer  model  is  being  used  to  evaluate  control  system  hardware. 

In  collaboration  with  Kendall  Consultants  Ltd.,  and  SPAR  Aerospace  Products  Ltd.,  a  hybrid  computer  model  of  the  remote 
manipulator  arm  for  the  space  shuttle  is  being  assembled.  The  model  includes  all  allowable  motions  in  three  dimensions  as  well 
as  arm  flexibility  effects.  The  three  dimensional  model  is  complete  and  arm  control  algorithms  aer  being  evaluated. 

In  collaboration  with  the  Railway  Laboratory,  a  pilot  hybrid  computer  model  of  the  NRC  toller  tig  for  railway  vehicle  testing  is 
being  used  as  an  aid  in  the  design  of  the  roller  rig  and  its  controls. 

In  collaboration  with  the  Control  Systems  and  Human  Engineering  Laboratory  and  the  International  Nickel  Co..  Ontario  Division, 
an  interactive  computer  model  of  a  copper-nickel  smelter  is  being  developed  to  study  material  handling  and  scheduling  in  the  plant. 

In  collaboration  with  DME  Engine  Laboratory  a  study  is  being  made  to  develop  a  computet  model  of  ait  cushion  vehicles. 
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In  collaboration  with  DMF  Engine  Laboratory  analysis  of  fuel 
controlled  traffic  light  sequencing  plans. 


consumption  and  travel  time  of  test  cars  with  two  computer 


developed  for  use  in  tS' d«S  lnd1laratiol‘'of  ^trlirrsp^IS 


In  co-operation  with  Carleton  University  and  Engine  Uboratory 
propulsion  system  using  a  co-rotating  compressor. 


a  preliminary  study  is 


underway  of  a  heavy  equipment 


In  collaboration  with  Stephens- Adamson  of  Belleville  a  hybrid  computer  model  of  long  conveyor  belts  is  being  assembled 
In  collaboration  with  Davis  Eryou  and  Associates  a  hybrid  computer  model  of  an  automobile  is  being  assembled. 


A  joint  project  with  aRCTEC  Canada  and  Davis  Eryou  and  Associates  fo, 
breaking  ship  truls  data  is  being  carried  out  on  the  hybrid  computer. 


reduction  and  analysis  of  oceanographic  and  ice 


A  hybrid  computer  model  of  high  voltage  impulse 
of  the  Division  of  Electrical  Engineering. 


measuring  systems  is  being  developed  by  the  Power  Engineering  Laboratory 


SYSTEM  SOFTWARE  STUDIES 

A  preprocessor  for  hybrid  computer  model  digital  programs. 

Character  string  manipulation  routines  to  be  used  in  a  Fortran  environment. 
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CONTROL  SYSTEMS  AND  HUMAN  ENGINEERING  LABORATORY 


INDUSTRIAL  CONTROL  PROBLEMS 

In  collaboration  with  the  Analysis  Laboratory  interactive  computer  models  are  being  developed  and  appUed  to  a  variety  of 
scheduling  and  materials  handling  projects  in  the  mining  and  metal  processing  industries. 


Application  of  microprocessors  to  improve  quality,  performance  and  efficiency  in  the  metal  forming  industry  is  currently 
undertaken  in  collaboration  with  a  C'anadian  company. 


being 


To  study  distributed  process  control  a  network  software  system  (DECNET)  is  being  installed  to  connect  together  the  PDP-U/45 
and  PDP-1 1/60  computers  in  the  Laboratory.  Also,  a  serial  communication  system  based  on  the  HDLC  line  protocol  is  being 
implemen^d  with  microprocessors.  This  actwity  is  proceeding  in  parallel  with  the  development  of  an  international  standard  for 
industrial  intersubsystem  communication. 

A  flowmeter,  viscometer,  consistency  sensor  and  control  valve  utilizing  radial  laminar  flow  have  been  developed  and  patented. 

The  devices,  currently  under  test  for  industrial  application,  are  mechanically  simple  and  have  a  minimum  of  machining  tolerances. 
They  offer  significant  advantages  over  those  currently  avadable  in  that  the  maintenance  of  laminar  flow  provides  quiet  operation 
while  allowing  accurate  performance  production. 


ADVANCED  TRANSPORTATION  CONCEPTS 

The  conceptual  design  for  a  high  speed  intercity  magnetically  levitated  and  linear  synchronous  motor  propelled  vehicle  plus 
elevated  guideway  system  as  based  on  the  results  of  a  basic  Maglev  research  program  jointly  conducted  by  Queen's  University, 
University  of  Toronto  and  McGill  University  has  been  carried  out  in  coUaboration  with  Transport  Canada.  Ongoing  study  includes 
computer  modeling  for  ride  quality  assessment,  vehicle  dynamic  behaviour  prediction  and  engineering  design  consideration  of 
the  magnets. 


HUMAN  ENGINEERING  -  BEHAVIOURAL  STUDIES 

The  mvestigation  of  the  effect  of  internal  and  external  environments  on  human  psychomotor  performance  has  been  extended  to 
Ministry  of  Transport  radio  communications  staff  operating  in  the  high  Arctic  under  conditions  of  continuous  darkness.  A  study 
IS  also  being  conducted  in  coUaboration  with  Indian  Air  Force  on  the  psychomotor  performance  of  aircrew  on  long  range  flights. 

Tracking  experiments  have  been  designed  and  initiated  in  the  series  dealing  with  precision  of  movement  to  a  target.  These  are 
further  tests  of  the  hypothesis  that  subjects  move  in  a  frame  of  reference  based  on  proprioceptive  rather  than  visual  information. 

HUMAN  ENGINEERING  -  MEDICAL  AND  SURGICAL 

A  production  model  portable  thermoelectric  cooling  system  is  being  developed  in  collaboration  with  the  Montreal  Neurological 
Institute  for  controlled  cooling  of  the  exposed  spinal  cord  at  operation. 

A  prototype  model  miniature  instrument  for  measuring  the  viscoelastic  properties  of  skin  is  being  developed. 


'Lanis 


THE  TRANSPARENT  PLASTIC  MODEL  OF  A  T>  PICAL  A  C.  FERRV,  WITH  LIFT  AIR 
FEED  DUCTS,  DRAG  TRANSDUCERS.  ATTITUDE  MARKERS  AND  BALANCE  WEIGHTS 
INSTALLED. 


THE  MODEL  RUNNING  AT  SIMULATED  9.0  knvTii,  SEEN  FROM  WATER  LEVEL,  TO 
SHOW  THE  UNDERWATER  SKIRT  AND  BUBBLE  PROFILE. 


EXPERIMENTS  ON  A  MODEL  AIR  CUSHION  FERRY  IN  A  WATER-FLOW  CHANNEL 


ENGINE  LABORATORY 


DIVISION  OF  MECHANICAL  ENGINEERING 
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ENGINE  LABORATORY 


HOSPITAL  AIR  BED 

I  he  NR(  C  airbed  Mark  1  designed  and  buill  by  NRC  is  being  used  by  a  hospital  in  Kingston,  Ontario,  to  eonduet  a  clinical  study. 
Use  ol  the  bed  has  shon-n  advantages  over  conventional  support  methods  and  has  allowed  better  definitions  of  pctfotmance 
lequiicmcnis  needed  for  skin  healing,  A  novel  support  air  bag  structure  has  been  successfully  tested. 

1  our  advanced  air  beds,  close  to  commercial  design,  will  be  manufactured  under  contract,  and  evaluated  m  use  to  verify  the 
design. 


GAS  TURBINE  OPERATIONS 

further  investigative  tests  on  a  1S5-C  AN-I  5  gas  turbine  have  continued.  Studies  have  been  made  to  assess  the  effects  of  down- 
trimming  fuel  now  on  engine  performance  in  both  steady-state  and  transient  modes  of  operation.  Also  examined  was  engine 
operation  with  a  new  proposed  variable  exit  noz/le  tigging  procedure,  which  is  intended  to  promote  smoothet  afterburner 
initiation. 


AEROACOUSTICS 

As  part  ol  a  study  ol  noise  ehatacteristics  ol  centritugal  tans  and  blowers,  experiments  to  study  impeller  blade  sliapc  and  easing 
geometry  on  perfotmanee  and  noise  are  being  run  in  a  5  horsepower  lest  rig. 

Computational  methods  are  being  developed  for  propagating  modes  in  duels  based  on  sound  pressure  level  around  the  eireiimferen 
ot  the  duet  using  cross  spectral  density  and  phase-locked  meihod.s. 

Identitiealion  of  the  sources  of  noise  by  acoustic  intensity  measurements  is  being  eondueled  on  a  small  reciprocating  engine. 


ENGINE  COOLING  SYSTEM  PERFORMANCE 

A  study  is  being  done,  in  collaboration  with  Canadian  industry  and  supported  by  Transport  Canada,  involving  full  sealc  road  and 
wind  tunnel  tests,  to  determine  the  lull  potential  ol  the  cooling  fan.  Present  use  of  fan  and  ram  air.  due  to  motion,  do  not 
represent  an  optimum  from  a  fuel  economy  point  of  view. 


AIR  CUSHION  VEHICLES 

An  experimental  program  on  the  drag  and  stability  of  low-speed  A.C.  rafts  over  v*’ater  is  in  progress,  .A  1.2  metre  model  of  a 
typical  A.C.  ferry  is  being  hovered  in  a  niinic  in  the  Hydraulics  Laboratory  at  a  range  of  water  speeds,  while  drag.  toll,  and 
piteh  are  measured,  and  underwater  profiles  arc  photographed.  The  re.sults  eorrelate  well  with  measurements  on  ACV  HI  X-.*! 
lowed  over  water,  and  with  a  full-scale  ferry. 

Construction  of  the  tig  for  vertical  instability  experiments  is  in  abe>  anee  w  hile  structural  alterations  to  a  laboratory  test  cell  are 
in  progress. 

Reports  on  ACV  design  data  and  the  relation  of  ACV  lift-air  requirement  relative  to  terrain  have  been  iniblished. 


Al'TOMOTlVE  FUEL  ECONOMY 

A  report  on  the  effect  of  traffic  signal  control  strategy  on  automotive  fuel  consumption  is  in  preparation.  I  RAN.SA  1  iralTic  light 
control  program  saves  lime,  a  small  amount  of  fuel  and  has  fewer  slops  than  the  I  XI.SriNG  control  program.  1  asibound  evening 
performance  with  TRANSYT  was  worse  than  the  I-XISIING  plan  and  it  may  be  possible  to  make  improvements  in  this  segment. 


NRC-PRATT  «  WHITNEY  HIGHLY  LOADED  TURBINE 

The  nor./.lc  ting  and  turbine  section  are  being  installed  in  the  test  assembl.v  and  connected  to  pressure  readout  instrumentation. 
The  pressure  and  temperature  traversing  assembly  has  been  eonnected  to  a  Ol  C  PUPll/.Ad  minicomputer  that  enables  the 
traversing  to  be  computer-eonirolled  to  any  number  of  pre-defined  lest  locations. 
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ROTOR  DYNAMICS 

(  onstruciion  and  equipment  acquisition  has  begun  on  a  large  rotor  dynamics  and  babncing  facility.  ITiis  facility  will  accommodate 
rotors  of  diameters  up  to  6  m  in  length  and  approximately  2  m  in  diameter.  Installed  drive  motors  have  a  capacity  of  1 200  HP. 

1  ventually.  the  test  chamber  will  be  capable  of  operating  at  reduced  pressures  allowing  bladed  rotors  to  be  tested  without  serious 
power  dissipation. 

The  MiK^ke’s  couple  calibrating  device  for  torsional  vibration  transducers  has  recently  been  overhauled  and  upgraded. 


HYDROSTATIC  Bt  ARINC^S 

1  his  laboratory  continues  to  provide  assistance  and  design  service  to  other  potential  gas  and  fluid  film  bearing  users  both  within 
NRC  and  in  other  government  laboratories.  In  co-operation  with  three  Canadian  industrial  firms  a  study  is  underway  to  compare 
tlie  predicted  results  of  computer  programs  designed  to  calculate  the  dynamic  performance  of  self-acting  bearings  with  incompres¬ 
sible  lubricants.  A  recently  completed  literature  survey  has  provided  a  broad  cross-section  of  example  bearings. 

-An  aruilytical  study  is  underway  to  support  experimental  determinations  of  the  characteristics  of  air  lubricated  thrust  bearings 
with  one  compliant  surface. 


VIBRATION  MONITORING 

An  experimental  rig  has  been  assembled  to  allow  the  testing  of  rolling  element  bearings  to  failure.  This  rig  is  now  being  used  to 
compare  cutient  methods  o1  vibration  detection  and  their  ability  to  discover  incipient  faults  in  rr  .ling  element  bearings.  Because 
ot  the  nature  of  fault  generation  in  rolling  element  bearings  the  result  gathering  process  is  of  a  rather  long-term  nature. 

A  co-operative  program  with  the  IXMence  Research  Fstablishment  (Pacific)  in  Victoria  is  underway  to  investigate  the  combined 
merits  of  oil  analysis  and  vibration  monitoring  as  tools  for  helicopter  transmission  gear  box  monitoring. 

This  laboratory  continues  to  provide  specialized  vibration  measurement  and  analysis  assistance  to  both  industry  and  government. 


FUEL  CONTROL  SYSTEMS 

As  the  major  Canadian  manufacturer  of  fuel  control  systems  for  gas  turbines  in  the  general  aviation  market.  Aviation  Electric 
Limited  of  Montreal  has  developed  an  advanced  concept  digital  fuel  control  system  that  was  verified  on  a  computer  model  of  a 
gas  turbine  at  the  NRC.  To  prove  the  hardware  of  the  system  on  a  real  engine,  a  co-operative  program  with  AEL  will  use  a 
Twin-Pac  helicopter  engine  on  a  dynamometer  to  enable  a  steady-state  and  transient  performance  assessment  to  be  made. 

The  Twin-Pac  has  been  installed  in  No.  2  Test  Cell  and  is  in  the  process  of  being  connected  to  the  cell  services  to  enable 
preliminary  running. 
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FLIGHT  RESEARCH  LABORATORY 


AIKHOKNI  MAt;NI  IK’S  rK(K;KAM 

I  vpcritiifMtuI  .iiul  thcorclicil  stiuJics  rohilin#:  lo  Iho  lijrllu'r  iJovcKypiijcnl  i>t  ;iirbi»riH*  ma^iuMi^inctoi  jiikI  >‘i;u!u>nicUM  i*i)uipinont 
aiul  the  applieatu'n  ol  same  to  submarine  Jeteetion  am!  v.eologieal  survey,  are  eurrently  m  pro>’ress.  The  tinal  report  on  meihiuls 
of  magnetie  aircrali  eompenwlion.  baseJ  on  ilata  eolleete^l  witii  the  North  Slat  aireralt.  has  been  publisheil.  A  Convair  580  air 
erall  has  been  etjuippetl  as  a  multi-purpt>se  llymy.  laboratory  lor  research  in  aeromapmeiic  Jetection  am!  !ot  ilevelopment  o\  tailio 
am!  inertial  navi>jativ>n  metluuls.  I  urthei  nuulifications  may  be  done  to  provide  a  ca|>alM!ity  lor  evaluatm^r  advanced  synthetic 
aperture  radar  teclinu|ues. 

iNvi  srK;Aru)N  oi  prohi  i  ms  assoc  iaud  wi hi  sroi  and  v/stoi  airc  rai  t  on  rahons 

I  he  I  aboiatorx’s  Aubi>rnc  V/S  lOl  Simulator  is  I'cmy.  employed  in  programs  to  invest  ijMte  S  lOl  and  V/S  TOl  alter  at!  tlym^* 
ipiahties  and  terminal  area  operational  pioblems.  Areas  t>(  research  include  a  jreneral  mvesiipaliou  riip.lil  path  control  ami 
stability  characteristics  lequired  tv'  cv'mpcnsate  lor  smple  enp.ine  lailuie  m  twin  or  multi-enpme  pi'wered  lilt  aiiciatl.and  the 
identiticatii'ii  I'l  minimum  acceptable  tlyinp  qualities  lor  civil  liehci'pters  operating,  undei  instiument  tlip.ht  rules. 


INVI  SrUiAl  lON  Ol  A  I  MOSnil  RK’  TI'RIIOI  1  NC’I 

A  r  .1.1  aireralt.  equipped  tv'  measuie  wind  gust  veU'cilies.  an  tempeiature.  wind  speed,  and  v'fher  paianieteis  ol  inleresl  in  tur¬ 
bulence  leseaicli.  is  used  Iv'i  mc.isuiements  at  very  Iv'w  altitude,  m  clear  an  abt've  the  tri'pop.uise.  m  the  ncijjibt'uilu'od  v'l 
mouiil.iin  wave  activitv .  and  neai  storms  Records  are  obtained  v'li  m.igiietic  tape  tv'  tacilitate  data  analysis.  1  he  aiiciatt  alw' 
parircip.iie.s  in  iN'-opeiat ive  esperiments  with  v'ther  research  .igencies.  m  parlicul.ii .  the  Summer  C'umulus  Invest i^'.alion  (see  beU'wl 
A  secv'tid  I  .1.1  aiicratt  is  used  m  a  suppv'iling  role  tv'r  these  aiivl  v'lhei  piv'jects. 

AIRC  RAI  ron  RATIONS 

I  he  I  light  Recoidei  I’lavback  Ccntie  is  cngagevl  m  the  recv'veiy  aiul  an.ilysisv't  mU'imation  tri'in  the  v.iiioiis  llight  data  lecoideis 
and  cv»ck(»it  voice  tecv'fvler.v  used  on  (  an.rdi.in  nnljlan  and  civil  tianspi'it  aireralt  Hie  mililaiy  systems  are  being  momlv'ied  on  a 
routine  basis  (‘ivil  aiicralt  lecv'ideis  are  being,  leplayevl  to  investigate  incrdents  I't  accidentsat  the  request  ot  theMinisli>  v't 
1  laiispoil .  1  echnical  assist. nice  is  being  provided  dining  incident  .nul  accident  investigativ'iis  and  lelexanl  ancialt  v'peraliv'nal 
prv'blems  studied 


INlU'SIRIAl  ASSISTANC  I 

.Assistance  is  given  ii>  ancialt  manulactiirers  ami  v'ther  companies  uHpiirin^i  tire  use  ol  specialized  tlight  test  equipment  v'l 
techniques. 


INVI  SIICIAHON  Ol  SPRAY  DROPI  11  Rl  I  I  ASI  I  ROM  AIRC  RAI  T 

Theoretical  and  experimental  stmlies  on  sprai  vliv'f'let  Iv'rmation  and  distribution  are  carricvl  v'ui.  I  light  experimenis  ulili/e 
a  Harvard  aircraft  nu'dified  tv'  carry  external  spray  tanks.  Automatic  !!>  ing.  spot  dioplet  and  particle  anal\  sis  equipment  is  in 
v'peralion  tv'r  processing  samples  obtained  in  tlie  labv'ratviry  ami  in  the  field  by  various  agencies.  I  he  evpiipment  has 
potentialities  for  tlie  analysis  of  many  unusual  configuraliv'iis  provided  that  these  may  be  phv'tograplicvl  with  sulticicnl  cv'iitrasi 


Al'lOMOBII  !•  CRASH  |>l  11  CTOR 

There  is  a  need  for  a  sensing  device  tvi  activate  aulv'iiiv'bilv  passmigei  lesiraini  systems  in  incipient  crash  situations  Invest igaliv'ns 
are  m  progress  to  determine  the  applicability  of  CMM.  lechm'logy  to  this  problem. 

Sl'MMI  K  CCMl’l  I'S  INVI  STUiATION 

At  the  riHpiest  v'f  Ihe  Department  v'f  tlie  I  nviionment  Mt^'.lit  stmlies  of  C'uniuhis  cloud  fv'tmatu'ns  <>vei  Onebcv’  and  ()ntaiio  were 
instil  lit  ed  during  the  Summer  o*  I  *>74  Instrumented  T  .1.1  and  Twin  Ottei  aiiciaft  \x  ith  a  Hi'cch  I S  are  beiiv’.  used  tv'  deter  mine 
the  prv'perties  of  ('iimulus  clomis  whu'h  extend  appreciabK  abv've  the  free/ing  level.  The  measuTements  aie  being  made  tv'  assess 
the  le.isibililv  v'f  imliiciiijr  precipitation  over  loresi  fire  areas  bv  seedinj'.  large  cumulus  foimatu'iis.  During  1*>7.^  a  vaiietv  v't  cK'ud 
ph\  SICS  msiiumenis  were  .uhlevl  tv'  the  Twin  Otter,  and  special  pods  fv'r  burning  silver  iv'dide  Hares  were  attacluxl  beneath  the  w  mg 
ol  the  I  1 1  liitbulence  lesi'.iivh  aireralt.  The  effects  of  seeding,  on  the  miciostructure  of  individual  cumulus  cloudsweie  studied  in 
ihv-  ^  ellow  knile  area  during  Ihe  summers  v'f  I  *>7.^  and  I*)  7b  ami  in  Thumler  Hay  in  D>77  ami  I  *>87.  Dm  mg  Ihe  summer  v't  I  *>7*> 
fhc  I  sxin  Otter  is  participating  in  similar  llig.ht  experiments  in  Mv'iitana.  loiiulv  arranged  by  I^S.  ami  Canavliaii  gv'vernmerit  .igcmies 
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FUELS  AND  LUBRICANTS  LABORATORY 


rOMHllSTION  Kl  SI-  AKC'li 

Invi'stipalion  ol'  haiullint;  anil  i-onibuslion  inobli’ins  inviilvoit  in  usin;;  liviliopcn  as  a  iui'l  ior  mobile  prime  movers. 

Co-operative  stuilies  with  Ailvisory  Croup  lor  Aerospaee  Reseateli  ami  Oevelopmeiit  ( ACiARD)  Working  Ciroup  1 1  to  proiluee  a 
report  on  aireralt  lire  sal'eiy. 

Iliogas  as  an  alternate  I'liel  in  engine  operation. 


I  \TI  NSION  AND  Dl  Vi  l OI'MKNT  Dl'  LABORATORY  I  VALUATION 

Development  of  new  laboratory  proeeilures  lor  the  iletennination  of  the  load  earrying  eapaeily  of  hypoid  gear  oils  under  high  speed 
eondilions  and  under  low  speed  high  torque  eonditions. 

I  valuation  of  filter/eoaleseer  elements  for  aviation  turbine  fuels. 

I  valuation  of  longlife  filter/eoaleseer  elements  from  aviation  turbine  fuel  serviee. 

W  ater  separation  eharaeteristies  of  av  iation  turbine  fuels. 

I‘l  Ml  ORMANCK  ASPi  rrS  OL  l  UELS.  OILS.  CREASES.  AND  BRAKE  ELl'ID 

Investigation  of  laboratory  methods  for  predieting  How  properties  of  engine  and  gear  oils  under  low  temperature  operating 
eouilitivvns. 

I  v.duation  of  statie  dissipator  additives  for  distillate  fuels. 

I  valuation  of  properties  of  re-refined  oils  and  by-product  sluilges. 

Road  test  of  re-refined  automotive  oils  teo-operation  with  I'nvitonment  Canada). 

Investigation  of  the  use  of  anti-ieing  additive  in  aviation  gasoline. 

[ 

Investigation  of  hydrogen  content  as  a  means  of  estimating  the  eombiistion  characteristics  of  aviation  turbine  fuels.  f 

MISCT  LI  ANI  ()i;S  STUDIES 

The  preparation  and  cataloguing  of  infra-red  spectra  of  compounds  related  to  fuel.s.  lubricants,  and  associated  products. 

The  application  of  Atomic  Absorption  spectroscopy  to  the  determination  of  metals  in  petroleum  products. 

Investigation  of  the  stability  of  highly  compressed  fuel  ga.ses, 

Analytical  teehniques  for  analysis  of  engine  exhaust  emi.ssions. 

Participation  in  the  Canadian  (C(iSH).  American  ( ASTM)  and  International  lISO)  bodies  to  develop  standards  for  petroleum 
products  and  lubricants. 


The  design  and  development  of  an  internal  eombiistion  engine/hydraulie  transmission  hybrid  power  plant  for  the  energy  con¬ 
serving  ear. 

I'urthcr  developments  of  spcciali/cd  pressure  transducers  for  engine  health  diagnosis  and  the  development  of  diagnostic  techniques 
and  consultation  with  lieeneee  in  developing  production  methods  for  patented  transdueers. 

Evaluation  of  various  products,  fuels,  lubricants  and  hardware  in  respect  of  their  effects  upon  overall  vehicle  fuel  economy  and 
energy  conservation  properties. 
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GAS  DYNAMICS  LABORATORY 


V  SrOI,  PROPl'l  SION  SYSTKMS 

A  general  study  ol  V/S  l  OI  ptopulsion  system  iiu'thods  witli  partk’ulat  tofiTciuc  to  [cquitcinonts  of  economy  and  safety. 


INTERNAL  AI  RODYNAMK'S  OF  IHICTS,  IMFFIISERS  AND  NOZZl.FS 

.An  espernnental  study  of  the  internal  aerodynamics  of  ducts,  bends,  diffusers  and  nozzles  with  particular  reference  to  the  efieci 
of  entry  flow  distortion  is  geometries  involving  changes  of  cross-sectional  area,  shape,  and  axial  direction. 


SIKH'K  PRODUCED  PLASMA  STUDIES 

,A  general  theoretical  and  experimental  investigation  of  the  production  of  high  lemperatiire  plasma  hy  means  of  sliock  waves 
generated  hy  electromagnetic  and  gas  dynamic  im-ans,  and  the  di-velopnieni  of  diagnostic  lechmi|ues  suitable  for  a  variety  of 
shock  geometries  and  the  study  of  physical  properties  of  such  plasmas. 


NON  DESTRUCTIVE  SURFACE  FLAW  DETECTION  IN  HOT  STEEL  BILLETS 

A  flaw  detection  .system  for  metal  bars  is  being  tested.  Fight  inductive  bridge  circuits,  spaced  around  the  bat  and  sequentully 
sampled,  detect  the  flaw  through  a  change  in  coil  inductance.  Ilic  system  lends  ttself  to  easy  elimination  of  stand-otl  and 
eccentricity  errors  and  is  currently  betng  adapted  to  industrial  use.  Iiilerptetalion  of  test  results  via  microprocessots  is  in  hand. 
.A  tugged,  heat-resistant  circuit  is  being  designed  for  in-plant  application. 


IIIC.II  PRESSURE  LIQUID  JETS 

High  speed  water  jets  generated  by  pressures  in  the  range  of  HiOtl  to  6l),0tHI  psi  can  be  used  tor  cutting  a  wide  variety  of  matettals, 
e.g.  paper,  lumber,  plastics,  meat,  leather,  rock,  etc.,  and  for  cleaning  surfaces  such  as  masonry,  tubular  heal  exchangers,  etc. 
Nozzle  sizes,  depending  on  the  application,  are  in  the  range  from  0.002  to  0.15  in.  diameter.  .A  technique  for  nianufaciuring 
small  nozzles  in  the  range  0.002  to  0.01 5  has  been  developed  using  standard  sapphire  jewels  available  from  industry .  I  arger 
orifices  are  manufactured  and  polished  using  standard  shop  procedures. 

.\l  present,  the  following  investigations  are  active  in  the  laboratory: 

1 .  Drilling  of  rocks  of  various  types,  including  granite,  using  a  high  pressure  rotating  seal  and  single  and  dual  oiilice  nozzles 
specially  developed  lor  this  purpose. 

2.  Study  of  the  effecis  produced  by  cavilaling  jets,  how  best  to  produce  them  and  where  they  may  be  usefully  applied. 

.1.  ('ollaboralive  experimental  work,  in  collaboration  with  the  Low  leniperalurc  laboratory,  on  the  breaking  and  culling 
of  ice. 


HEAT  TRANSFER  STUDIES 

An  investigation  of  methods  of  increasing  boiling  and  condensing  heal  transfer  coefficients  by  Irealmenl  of  the  heal  Iransler 
surface  is  in  progress. 

A  co-operative  project  with  the  Division  of  Building  Research  will  determine  the  usefulness  of  the  Ihermosiphon  as  a  ground  heal 
source  for  a  heal  pump. 


I'xperimenls  continue  on  the  use  of  steam  as  a  heating  method  for  soldering  tubing  to  thin  slu-et.  as  in  flat  plate  solar  collectors. 

An  inexpensive,  leakproof  heat  exchanger  has  been  developed  for  use  in  solar  energy  systems.  Fabrication  is  simple  and  it  is 
suitable  for  production  in  small  batches. 

Work  has  started  on  a  new  type  of  temperature  control  Ihermosiphon.  Previous  types  have  Ix-en  designed  to  control  the  temper- 
alurc  of  a  heal  sotinx’;  this  design  controls  the  leniperaliire  of  a  heal  .sink. 
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rOMHlII  AimNAI  l  lllll)  DYNAMICS 

Nuiiu-tkal  siniubtioiis  arc  carricil  out  in  coimoction  with  projccls  iiiitialoil  inlcrnallv  or  as  collalHirations  with  outside  orpani/a- 
lions.  A I  |>re.si‘iii  ilu-  l  ield  ol  (tri’ali'st  iiits'Kst  concerns  the  jirohlenis  of  absorption  of  laser  energy  by  plasmas  and  four  topics 
are  currently  tn'ing  pursued: 

1  A  study  of  the  meclianisni  of  re-entry  waves  occurring  when  beam  intensity  is  reduced  below  the  level  at  w  liicli  laser- 
supported  detonation  can  e\isl. 

2  Absorption  of  laser  energy  by  hydrogen  plasma  lonfiiied  by  a  magnetic  field  (laser  healed  solenoid). 

.).  A  studs  of  the  Iluid  mechanics  accom|)anying  continuous  discharge  of  laser  energy  into  a  spot  fixed  in  space, 

4.  I  aser-iiiilialion  of  a  high-ilensily  Z-pinch. 

CAS  TCKHINI  Bl  ADINfJ  SI'l'DII  S 

.A  program  on  the  theoretical  and  experimental  study  iil  the  performance  of  highly  loaded  gas  turbine  blading  has  been  undertaken 
as  a  eoilaboralive  (irograin  w  ith  iiidtisiry  and  iiiiiver.silles. 


IMHISI  KIAI  I'RfH  I  SS.  APPARATUS.  AND  INSTRUMI  N  l  A  I  ION 

I  here  is  an  appreciable  ellort,  on  a  Continuing  basis,  direcli-d  towards  industrial  assistance.  This  work  is  of  an  extremely  varied 
nature  and.  in  general,  reipiires  the  special  facilities  and  capabilities  available  in  the  laboratory. 

Current  and  recent  co-operative  ptojccls  with  mamifacliirers  and  users  include: 

(a)  blow  [iroblems  associated  with  industrial  gas  turbine  exhaust  systems  (I'oster  Wheeler). 

(b)  Coinbiislion  studies  for  industrial  gas  turbine  applications  (Weslinglioiise  and  Rolls-Royce). 

(c)  Application  of  Ihermosiphon  as  an  energy  conserving  device  in  industrial  applications  (Dept,  of  Agticullure,  Ministry  of 
Iransporl,  I'arinon  I'lectric,  Chromalox  Canada  l  td). 

(d)  Scaled  model  studies  on  steel  and  copper  converters  to  establish  relative  performance  and  ceramic  liner  deterioration  rates 
(Canadian  l.iiprid  Air  and  Noianda). 

(e)  High  pressure  w  ater  jet  applications  in  industry  (High  I’tcssure  Systems  1  td  ). 

(I)  Scaled  model  studies  to  establish  the  performance  of  complex  industrial  flue  sy  stems  w  ith  a  vieyv  to  establishing  specific 

design  and  performance  criteria.  (Noranda  and  Inco  Canada  l  td  ). 

(g)  Model  studies  of  internal  Hows  in  leactor  hood  and  waste  heat  boiler  (Noranda  and  Kenmvott  Copper  Corp.). 

(h)  Altiiude  test  chamber  for  small  gas  turbines  (I'ratl  \  W  hitney  Aircraft  of  Canada  I  td  ). 

(I)  I  xpetimenl.il  study  of  a  novel  fan  design  (Rolls-Royce). 


HIGH  SPEED  AERODYNAMICS  LABORATORY 


CALIBRATION  OF  THE  SUBSONIC  AND  TRANSONIC  TEST  SECTIONS  OF  THE  5-FT.  X  5-FT.  BLOWDOWN  WIND  TUNNEL 

In  addition  to  the  calibration  measurements  and  results  reported  in  QB  1979(1),  further  measurements  have  been  made  in  the 
transonic  and  subsonic  test  sections  to  assess  the  flow  quality. 

These  were  effected  with  an  instrumented  cone,  loaned  by  N.L.R.,  Amsterdam.  The  cone  was  equipped  with  14  responsive 
Kulite  pressure  transducers  mounted  at  intervals  of  1 5  and  2S  mm  along  340  mm  of  the  cone  surface.  One  side  of  each  transducer 
was  closely  connected  to  the  surface  and  able  to  respond  to  pressure  fluctuations  in  the  boundary  layer  up  to  nearly  1 0  kHz. 

For  the  transonic  test  section,  in  the  range  O.S  <  M  <  1.2,  the  foremost  transducer  indicated  a  noise  level  that,  in  terms  of  Cp  rms, 
varied  with  M  from  about  0.75%  at  M  =  0.5,  rising  to  1.3% at  M  =  0.7  and  falling  to  0.6%  at  M  =  1.2.  A  slight  Reynolds  number 
effect  was  noted,  the  tendency  being  for  Cp  rms  to  increase  by  0.1  to  0.2%  as  the  unit  Reynolds  number  increased  from  16  X  10^ 
to  26  X  1 0^  per  metre. 

The  subsonic  test  section  exhibited  the  highest  noise  at  M=  0.3  (1.2%)  but  increasing  Mach  numbers  reduced  the  value  to  little 
more  than  0.5%  for  0.5  <  M  <  0.8.  The  Reynolds  number  influence  was  very  small  for  this  test  section. 


CALIBRATION  OF  TRANSONIC  SECTION  IN  HALF-MODEL  GEOMETRY 

Calibration  of  the  empty  transonic  5-ft.  X  5-ft.  section  in  half-model  geometry  is  completed.  Static  pressure  measurements  along 
the  ceiling,  floor  and  reflection  plate  were  made  at  three  stagnation  pressures  in  the  Mach  number  range  0.3  <  M  <  0.99.  Pre¬ 
liminary  results  indicate  that  in  the  region  extending  10  inches  forward  and  aft  of  the  balance  centre  there  is  little  or  no  Mach 
number  gradient  and  little  or  no  difference  between  the  static  pressures  measured  in  the  plenum  chamber  and  in  the  working 
section. 


DATA  SYSTEM  IMPROVEMENTS  ON  5-FT.  X  5-FT.  WIND  TUNNEL 

Modernizing  and  upgrading  of  the  data  system  on  the  5-ft.  tunnel  is  now  in  the  final  stages  and  will  be  installed  over  the  summer 
months. 

A  total  of  up  to  96  analog  channels  (48  high  quality  and  48  lower  quality)  will  be  available,  with  switch  selected  gains  of  1  to  5000 
and  front  end  filters  of  3  Hz  to  10  kHz.  “Status”  channels  will  be  digitized  at  source  and  packed  to  minimize  data  volumes. 

Data  conversion  throughputs  have  been  demonstrated  at  40  Hlz  average,  with  bursts  of  1 00  kHz  rates  through  2  1 5-bit  A/D 
converters  simultaneously. 

Real-time  tunnel  control,  model  attitude  and  data  acquisition  tasks  will  be  performed  in  the  same  processor  through  software, 
utilizing  tables  prepared  in  advance  to  define  the  various  operations  required. 

Progress  toward  on-line  data  reduction  is  proceeding. 


TRANSONIC  EQUIVALENCE  RULE  INVOLVING  LIFT 

The  classical  area  rule  is  well  known  and  its  application  to  wing-body  design  and  drag  reduction  is  demonstrated  on  many  existing 
aircraft.  Recent  advances  in  transonic  aerodynamic  theory  show  that  the  classical  area  rule  requires  a  modification  to  account  for 
lift.  A  series  of  experiments  is  being  prepared  in  order  to  investigate  these  new  concepts.  The  results  of  these  experimental  studies 
will  provide  criteria  for  wing-body  design  with  emphasis  on  drag  reduction  for  aircraft  cruising  at  transonic  speeds. 


TWO-DIMENSIONAL  TRANSONIC  FLOW  STUDIES 

The  small  disturbance  transonic  computer  program,  developed  for  free  air  isolated  airfoils,  is  being  rewritten  for  use  in  computing 
flow  about  cascades.  Such  a  program  will  be  useful  for  analyzing  compressor  configurations. 


STUDIES  OF  WING  BUFFETING 

A  theoretical  study  of  the  transient  response  of  a  wing  to  non-stationary  buffet  loads  is  in  progress.  Various  forms  of  the  power 
spectral  density  of  the  aerodynamic  loading  on  the  wing  have  been  considered  for  a  number  of  load  versus  time  history  during 
buffet  manoeuvres.  A  wind  tunnel  investigation  of  the  surface  pressure  and  normal  force  fluctuations  associated  with  buffeting 
has  been  carried  out  on  the  BGK  No.  I  airfoil. 
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REYNOLDS  NUMBER  EFFECTS  ON  TWO-DIMENSIONAL  AEROFOILS  WITH  MECHANICAL  HIGH  LIFT  DEVICES 

Under  a  joint  NRC/de  HavUland  enterprise  administered  under  the  PILP  program  and  extensive  set  of  low  speed  aerodynamic 
m^eT*"'  "**  ^  September  26  -  November  30.  1978,  on  a  multi-component  aerofoil 

During  the  first  phase  ol  the  work  wveral  trailing-edge  flap  geometries  (with  and  without  a  leading-edge  slat)  were  optimized  at  a 
chord  Reynolds  number  of  6  X  10®;  subsequently  their  performance  at  lower  and  high  Reynolds  numbers  were  checked. 

In  a  second  phase  ol  tests  with  this  aerofoU  some  boundary  layer  measurements  were  made  near  the  trailing-edge  of  the  main 
element,  utilizing  a  new  boundary-layer  traversing  rig.  Tliese  latter  measurements  were  primarily  directed  at  checkout  of  the 
travetiung  rtg  m  its  simplest  form,  with  the  objective  of  developing  reliable  gear  for  more  extensive  boundary  layer  measuremenls 
on  high  Ufl  multi-component  aerofoils  in  the  near  future. 

“'‘"'‘'n  of  'he  compressible  boundary  layer  flows  about  multi-clement  airfoU  is  continuing  at  the  University 

Ol  Manitoba. 

HOLE  ERROR  INVESTIGATION 

An  ex^-rimcntal  study  has  been  completed,  in  collaboration  with  Professor  J.C.  Menneron,  of  the  University  of  Sherbrooke,  of 
the  ettect  of  orifice  size  on  the  measurement  of  pres-sure  on  the  surface  of  an  aerofoil  at  subsonic  frec-stream  velocities  Speeds 
n‘!s!  Z  ”  "  ^  f f'""'  6  X  1  o6  to  33  X  I  oh  were  used.  Orifice  diameters  range  from  0.006  in.  to 

0.016  in.  Analysis  of  the  data  clearly  indicates  that  the  value  of  the  chordwisc  force  coefficient,  obtained  by  integration  of  the 
surface  pressure,  consistently  increases  with  the  size  of  the  orifice.  The  effect  is  rather  more  pronounced  at  M-=  0  5  and  0  7 
than  at  M  =  0.3. 

S-FT.  X  5-FT.  WIND  TUNNEL  TESTS 

The  effects  of  various  leading  edge  droop  geometry  have  been  investigated,  using  the  PTl  :m3  half-model.  The  tests  were 
petlormed  in  the  Mach  number  range  0.5  <  M  <  0.95  at  chord  Reynolds  number  1 5  x  1 0^.  The  lest  results  wiU  be  published 
in  NAt  LTR-HA-5X5/01  24. 

Manufacturing  of  a  hall-model  fuselage  to  be  tested  in  conjunction  with  the  T;ml  2  and  PT10:m5  wings  has  been  completed. 

TESTS  FOR  OUTSIDE  ORGANIZATIONS 
Saab-Scania 


Tests  were  conducted  at  transonic  speeds  on  a  complete  aircraft  model  to  compare  the  results  form  two  gcometricaUy  similar 
balances.  These  balances  had  produced  widely  differing  results  when  used  in  a  similar  model  at  another  testing  facility. 

A  l/lOtl'  scale  hall-model  has  been  le.sied  to  determine  the  static  stabUity  characteristics,  drag  and  buffet  onset  boundaries  and 
buffet  magnitude. 


A  1/IOlh  scale  half-model  has  been  tested  for  l•'l•A  to  determine  the  sialic  stability  characteristics  and  drag  in  the  Mach  number 
range  0.5  <  M  <  0.99. 
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HYDRAULICS  LABORATORY 


ST.  LAWRENCE  SHIP  CHANNEL 

Under  the  sponsorship  of  the  Ministry  of  Transport,  a  study  to  improve  navigation  along  the  St.  Lawrence  River,  using  hydraulic 
and  numerical  modelitrg  techniques. 

NUMERICAL  SIMULATION  OF  RIVER  AND  ESTUARY  SYSTEMS 

Mathematical  models  have  been  developed  to  simulate  tidal  propagation  in  estuaries,  wave  refraction  in  shallow  water  and  littoral 
drift  processes.  The  feasibility  of  using  array  processors  to  solve  the  hydrodynamic  equations  is  pre,sently  under  study. 

WAVE  FORCES  ON  OFF-SHORE  STRUCTURES 

Wave  tlume  study  to  determine  design  criteria  for  off-shore  structures,  such  as  cooling  water  intakes  or  outfalls,  mooring  dolphins, 
drilling  rigs,  etc. 

RANDOM  WAVE  GENERATION 

A  study  of  random  waves  generated  in  a  laboratory  wave  flume  by  signals  from  a  computer.  Special  attention  is  paid  to  the 
simulation  of  wave  groups. 

STABILITY  OF  RUBBLE  MOUND  BREAKWATERS 

A  flume  study  for  the  Department  of  Public  Works  to  determine  stability  coefficients  of  armour  units  and  the  effect  of  a  number 
of  wave  parameters  on  the  stability  of  rubble  mound  breakwaters,  including  the  effect  of  wave  grouping. 

WAVE  LOADS  ON  CAISSON  TYPE  BREAKWATERS 

A  flume  study  for  the  Department  of  Public  Works  to  determine  the  overall  loading,  as  well  as  the  pressure  distribution  on  various 
Caisson-type  breakwaters. 

WAVE  POWER  AS  AN  ENERGY  SOURCE 

A  general  study  to  assess  the  wave  power  available  around  Canada’s  coast  and  to  evaluate  various  proposed  schemes  to  e.xtract  this 
energy.  International  co-operation  is  taking  place  through  the  International  Energy  Agency  of  OECD. 

MOTIONS  OF  LARGE  FLOATING  STRUCTURES.  MOORED  IN  SHALLOW  WATER 

A  mathematical  and  hydraulic  modeling  program  will  be  carried  out  to  develop  techniques  and  methods  to  forecast  motions  of, 
and  mooring  forces  on  large  structures  mooted  in  shallow  water. 

CALIBRATION  OF  FLOW  MEASURING  DEVICES 

Facilities  to  calibrate  various  types  of  low  meters  up  to  a  maximum  capacity  of  5,000  gpm  are  regularly  used  for/or  by  pr!v>re 
industry  and  other  government  departments. 


OSHAWA  HARBOUR  MODEL  STUDY 


A  hydraulic  model  study  for  Public  Works.  Canada  of  Oshawa  Harbour  on  Lake  Ontario,  to  investigate  changes  in  the  layout  of 
the  present  breakwaters  to  reduce  the  level  of  wave  agitation  inside  the  harbour  basin. 

TRANSPORT  OF  SAND  ON  BFACHES 

A  method  has  been  developed  for  calculating  rates  of  sand  transport  in  the  presence  of  waves,  a  modification  of  the  Ackers  and 
White  method  for  river  flows.  A  new  flume  was  recently  constructed  in  which  the  method  can  be  tested. 

LOW  HEAD  WATER  TURBINES 

A  research  program  has  been  started  to  investigate  the  feasibility  of  extracting  power  from  water  currents,  by  using  low  head 
turbines. 

HYBRID  MODELING  TECHNIQUES  USING  ARRAY  PROCESSORS 

Estuaries  where  tidal  power  can  be  developed  require  the  use  of  large  physical  models  of  the  area.  The  teboratory  has  demon¬ 
strated  that  a  “hybrid  model"  can  dynamically  couple  together  a  mathematical  model  to  the  phy.sical  model  at  the  boundaries, 
therefore  the  physical  model  need  not  be  very  large  in  extent.  An  array  processor  will  be  used  to  tealire  the  mathematical 
portion  of  the  hybrid  model. 
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LOW  SPEED  AERODYNAMICS  LABORATORY 


WIND  Tl'NNKL  OPI  KATIONS 

The  throe  major  w  imi  tunnels  of  the  laboratory  are:  the  15-ft.  iliaineter  open  jet  vertieal  tunnel,  the  6-ft.  x  9-ft.  elosi'd  jet 
hs>ri/onlal  tunnel,  and  the  3(Vtt.  V/STOL  tunnel.  Ouriny  the  quarter,  a  nunilx't  of  test  programs  were  earried  out  for  groups 
Nith  w  ilhin  and  outside  of  the  government.  Within  the  government,  test  programs  ineluded  studies  on  building  aerodynamies 
and  ship-hull  How  visuali/ation.  Studies  for  non-government  groups  ineluded  the  aerodynamies  of  a  road  vehiele,  an  airerafi . 
a  building,  a  vertieal-axis  wind  turbine,  an  airerafi  inseetieide  spray-boom  system  and  downhill  skiers. 

Work  eontinueson  the  eontraet  for  the  new  data  aequisition.  reduelion  and  eontrol  system  for  the  6-ft.  X  9-ft.  wind  tunnel. 
I'inal  installation  at  the  site  w  ill  take  plaee  in  April  1979. 


WIND  FNCINKI-  RINC 

In  eollaboration  wiih  the  Division  of  building  Reseateh.  an  aerodynamie  investigation  of  Commeree  ('ourl,  Toronto  is  being 
undertaken.  The  purpose  is  to  obtain  w  ind  tunnel  eomparisons  with  full-seale  measurements  of  surfaee  pressures  and  building 
movements.  Wind  tunnel  tests  have  been  eompicted  in  whieh  surface  pressures  were  measured  and  are  eontinuing  on  an 
aeroelastie  iinnlel. 


A  series  of  six  1:10  seale  truck  models  are  being  designed  and  eonstrueted  to  continue  NRfs  program  in  truck  energ>  conserva¬ 
tion  through  aerodynamic  drag  reduction  and  in  support  of  a  joint  NRC'/Transport  Canada  DOT/S.AT  (I'.S.A.j  wind  tunnel 
testing  program. 

Measurements  ol  w  ind  properties  are  being  continued  on  the  Lions’  elate  Bridge,  Vanei'uver  as  part  of  an  aerod)  namic  investiga¬ 
tion  ol  the  bridge.  Outputs  from  five  anemometers  and  two  aeceleromcters  that  measure  bridge  motion  are  recorded  by  an 
automated  system.  Site  assistance  is  being  provided  by  Buckland  and  Taylor  Limited.  Vancouver. 

Wind  niea.suremeiits  are  cxintinuing  at  the  site  of  an  ore  eonve.i  er  bridge  crossing  the  Siniitkameen  river  valley  in  HritLsh  Columbia. 
The  proposed  conveyer  bridge  was  wind  tunnel  tested  at  NAT  in  Dec.  1978  and  Jan.  1979  for  Buckland  and  Taylor  Ltd. 


A  study  of  street  level  winds  in  the  downtow  n  cote  of  the  City  of  Ottawa  is  underway.  The  first  phase  w  ill  establish  a  probability 
distribution  ol  the  existing  wind  climate  and  the  second  phase  will  be  the  simulation  of  the  wind  conditions  using  a  1 :400  scale 
model  in  the  NAT  30-fl.  X  .Ul-ft.  wind  tunnel.  The  study  is  jointly  sponsored  by  the  City  of  Ottawa,  the  Department  of  Public 
Works,  the  National  Capital  Commission  and  the  National  Aeronautical  i'slablishment.  A  contract  for  the  eonsiruclion  of  remote 
wind  sensing  units  has  been  let  and  a  PDP  1 1/03  micro  system  has  been  received.  Work  has  begun  on  eonsirueling  the  model. 

The  first  series  of  w  ind  tunnel  tests  w  ill  lake  place  in  SeptemK’r  1979. 

Develonment  wxrrk  im  a  ravel  surfaee  moiinteil  devi(v  for  tneasiirine  strtvt  level  winils  on  eit\'  model  w  as  e.arrii'd  out  in  flie 
3-ft.  X  3-fl.  wind  tunnel.  The  device  connects  to  a  pressure  transducer  and  seanivalve  and  allow  s  street  level  winds  Isr  be 
measured  rapidly  at  a  large  number  of  locations. 

Models  of  three  home  type  mierowavc  antennas  at  1:12  seale  were  wind  tunnel  tested  in  the  6-fl.  X  9.ft.  wind  tunnel  to  determine 
wind  loads  for  Andrew  Antenna  Co. 

Txperimental  work  on  the  effect  of  turbulence  on  the  flutter  instability  of  a  1110  scale  bridge  sectional  model  was  started  m 
the  3-fl.  X  3-ft.  wind  tunnel. 


FLlllDICS 

Co-operative  studies  with  D.C..  Instruments  of  a  3-axis  velocity  sensor  are  eontinuing  using  both  NRC  and  industry  developed 
concepts.  Studies  of  vortex  excitation  of  velocity  sensor  probes  have  been  earried  out  in  co-operation  w  iih  ITuid>  nainies 
Devices  Ltd.  A  program  of  applications  of  laminar  flow  in  thin  passages  is  Iwing  earried  out  in  eo-oiwralion  with  the  X'onirol 
Systems  and  Human  Fngineering  Laboratory  of  DMF. 


VERTICAL  AXIS  WIND  Tl'RBINF. 

In  July  78,  the  rotor  srf  Ute  23ll-kW  demonstration  wind  turbine  on  the  Magdalen  Islands  collapsed  while  the  drive  tram  was 
undergoing  maintenance.  An  investigation  of  the  causes  of  the  accident  uncovcre>l  no  Ixisie  flaw  in  its  design  or  construction. 
Therefore,  it  was  decided  to  rebuild  it.  The  new  rotor  is  scheduled  to  Iw  installed  in  August,  Two  .'fl-kW  plants  were  installed 
and  directly  connected  to  local  power  networks  in  Newfoundland  and  .Saskalehewan. 
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LOW  TEMPERATURE  LABORATORY 


THERMAL  PROTECTION  OF  TRACK  SWITCHES 

The  use  of  heat  to  eliminate  switch  failures  from  snow  and  ice  is  a  standard  approach  to  this  problem.  Work  has  been  carried  out 
on  improving  the  efficiency  of  forced  convection  combustion  heaters  and  the  means  of  distributing  heat  to  the  critical  areas  of  a 
switch. 


HORIZONTAL  AIR  CURTAIN  SWITCH  PROTECTOR 

A  non-thermal  method  of  protecting  a  switch  from  failure  due  to  snow  has  been  undergoing  development  and  evaluation.  This 
method  consists  of  high  velocity  horizontal  air  cutt.tins  designed  to  prevent  the  deposit  of  snow  in  critical  areas  of  a  switch.  The 
tests  conducted  to  date  are  especially  encouraging  with  respect  to  yards  and  terminals.  Additional  evaluation  is  required  for  the 
line  service  application. 


NEW  RAILWAY  SWITCH  DEVELOPMENT 

The  ultimate  solution  to  the  existing  problem  of  snow  and  ice  failure  of  the  point  switch  would  appear  to  be  replacement  by  a  new 
design  that  is  not  subject  to  failure  in  this  way.  A  switch  has  been  designed,  fabricated,  laboratory  tested  and  has  now  completed 
one  winter  season  of  field  trials.  The  design  involves  only  shear  loading  from  snow  and  ice. 


MISCELLANEOUS  ICING  INVESTIGATIONS 

Analytical  and  experimental  investigations  of  a  non-routine  nature,  and  the  investigation  of  certain  aspects  of  icing  simulation  and 
measurement. 


TRAWLER  ICING 

In  collaboration  with  Department  of  Transport,  an  investigation  of  the  icing  of  fishing  trawlers  and  other  vessels  under  conditions 
of  freezing  sea  spray,  and  of  methods  of  combatting  the  problem. 


AIRBORNE  SNOW  CONCENTRATION 

To  provide  statistical  uaia  on  liic  r.'.a::  ccr.ccr.trctior.  «now  in  order  to  define  suitable  design  and  qualification 

criteria  for  flight  through  snow,  measurements  of  concentration  and  related  meteorological  parameters  are  being  made. 


SEA  ICE  DYNAMICS 

Analytical  and  experimental  work  on  the  techniques  of  forming  low-strength  ice  from  saline  solutions  is  being  carried  out  in 
connection  with  proposed  modeling  studies  of  icebreaking  ships  and  arctic  port  facilities. 

An  investigation  is  being  made  into  the  modeling  of  sea  ice  based  on  the  freezing  of  aqueous  solutions.  The  objective  of  the 
investigation  is  to  improve  the  dynamic  similarity  in  model  testing  in  simulated  sea  ice. 


LOCOMOTIVE  TRACTION  MOTORS 

An  investigation  into  the  failure  of  locomotive  traction  motor  support  bearings  due  to  winter  service  has  been  undertaken.  The 
presence  of  moisture  either  as  water  or  ice  in  the  oil  reservoirs  is  suspected  to  be  a  contributing  cause  of  the  failures. 

HIGH  PRESSURE  CUTTING  OF  ICE 

Experimental  work  is  being  carried  out  in  collaboration  with  Gas  Dynamics  personnel  on  the  cutting  of  ice  with  high  pressure 
water  jets.  One  phase  of  this  work  has  been  concerned  with  the  removal  of  ice  from  a  substrate  such  as  concrete.  The  other  work 
on  ice  cutting  has  been  for  possible  application  to  ice  breaking  ships. 
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MARINE  DYNAMICS  AND  SHIP  LABORATORY 


HIGH  SPEED  CRAFT 

Model  tests  in  calm  water  and  in  waves  have  been  completed  on  ten  models  from  a  systematic  series  and  results  are  being  evaluated. 
The  series  is  being  e.xtended  by  the  construction  of  an  additional  six  models. 


COMBINATION  FISHING  VESSEL 

Model  tests  carried  out  last  year  on  a  new  design  of  70  ft.  West  Coast  combination  salmon  and  herring  fishing  vessel  are  being 
extended  in  order  to  define  more  comprehensively  its  safety  against  capsize  in  waves.  Parameters  under  investigation  are  ship 
displacement,  initial  stability  condition,  wave  height,  wavelength,  ship  speed  and  relative  wave  direction. 

These  additional  experiments,  being  carried  out  in  the  1 30  m.  x  65  m.  x  3.5  m.  seakeeping  and  manoeuvring  basin  using  a  radio- 
controlled  Iree-runnmg  model,  are  in  support  of  a  current  move  internationally  to  place  the  subject  of  vessel  capsize  on  a  more 
scientific  footing. 


65  FT.  EAST  COAST  FISHING  VESSEL 

The  laboratory  is  currently  investigating  whether  increase  in  the  beam  of  small  fishing  vessels,  which  has  advantages  for  deck 
working,  leads  to  any  deterioration  in  seakeeping  qualities. 

Beam  wave  tolling  experiments  have  indicated  that  the  use  of  passive  anti-rolling  tank  stabilization  is  not  altogether  suitable  for 
this  class  of  vessel.  Conventional  bilge  keels  suffer  from  ice  damage  so  the  possible  use  and  effectiveness  of  bottom  keels  is  being 
investigated. 


SWATH  MANOEUVRING  INVESTIGATION 

An  investigation  into  the  effect  of  rudder  position  on  the  manoeuvrability  of  a  Small  Waterplane  Area  Twin  Hull  (SWATH) 
vessel  is  being  carried  out  using  a  radio-controlled  free  running  model  in  the  laboratory’s  large  manoeuvring  basin. 


LOCK  MODEL  STUDY  -  EXTENSION 

The  second  series  of  model  tests  for  the  St.  Lawrence  Seaway  Authority  into  the  effect  of  vessel  size  and  lock  geometry  on  lock 
transit  times  in  the  Welland  Canal  has  been  analysed  and  repotted.  These  studies  ate  in  direct  support  of  a  prototype  marine 
shunter  trials  program  currently  being  carried  out  by  the  Seaway  Authority. 


CABLE  FAIRINGS 

Comparative  tests  with  cable  fairings  ate  being  carried  out  in  the  laboratory  in  an  effort  to  develop  low  drag  stable  sections,  for 
Canadian  Industry  and  other  Government  Departments. 


M.V.  -ARCTIC’ 

Dedicated  ice  trials  aboard  the  M.V.  Arctic  ate  planned  for  this  fall.  The  laboratory’s  involvement  is  to  monitor  these  trials  and 
analyse  the  results.  The  M.V.  Arctic  is  Canada’s  first  icebreaking  bulk  cargo  vessel  and  has  been  built  to  meet  the  Arctic  Waters 
Pollution  Prevention  Regulations  as  a  Class  2  ship.  The  laboratory  has  advised  in  the  design  and  installation  of  a  sophisticated 
data  system  with  which  the  vessel  has  been  equipped  to  measure  ice  loadings,  using  160  strain  gauges  mounted  on  the  hull,  as 
well  as  ship  motions  and  propulsion  parameters.  The  data  from  these  trials  should  be  extremely  valuable  for  the  design  of  future 
Arctic  bulk  carriers. 
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RAILWAY  LABORATORY 


YARD  EXPERIMENTS 

At  the  request  of  Bombardier  Inc.,  their  LRC  (Light-Rapid-Comfortable)  rail  coach  has  been  instrumented  and  given  an  800,000  lbs 
compression  test  in  accordance  with  AMTRAK’s  requirements.  This  aluminum  coach,  completely  designed  and  built  in  Canada, 
passed  the  test  and  the  results  from  over  100  strain  gauges  have  been  analyzed  and  a  report  is  being  written. 

At  the  request  of  the  Department  of  National  Defence,  impact  tests  to  simulate  classification  yard  conditions  have  been  conducted 
to  evaluate  various  methods  of  securing  armoured  personnel  carriers  to  a  flat  car.  Results  are  being  analyzed  and  a  report  is  being 
prepared. 

In  the  area  of  track  force  measurement,  instrumentation  has  been  loaned  and  advice  given  to  the  Canadair  group  in  charge  of 
setting  up  a  light  rail  vehicle  test  track  in  Kingston. 


LABORATORY  FACILITIES  FOR  RAILWAY  RESEARCH 

Lighting  and  power  outlets  for  the  new  squeeze  frame  cover  building  (U-90)  have  been  installed.  High  pressure  oil  lines  for  the 
rail  Car  shaker  and  the  track  simulator  have  been  designed,  and  the  material  for  same  has  been  ordered. 

The  use  of  solar  energy  for  heating,  cooling  and  water  heating  for  Buildings  U-89  and  U-90  is  under  investigation. 

Work  continues  on  fltting  of  insulation  and  inside  panels  in  the  working  section  of  Instrument  Car  62. 

Work  on  the  NRC  curved  track  simulator  continues  in  the  Manufacturing  Technology  Centre  with  the  testing  of  the  differential 
drive  gear  units  and  the  design  of  the  curve  control  position  levers. 

In  collaboration  with  the  Analysis  Laboratory,  work  continues  on  a  mathematical  model  of  the  curved  track  simulator.  In 
particular,  the  wheel-roller  interaction  phenomenon  is  being  studied. 

Studies  are  being  conducted  on  the  consequences  to  a  tail  axle  set  of  independently  rotating  wheels  with  regard  to  stability  and 
curving. 


GENERAL  INSTRUMENTATION 

The  Laboratory,  in  co-operation  with  the  Marine  Dynamics  and  Ship  Laboratory,  have  built  a  micro-processor  based  ship’s  motion 
analyzer.  Development  of  the  digital  programs  for  computation  and  control,  including  laboratory  checks  of  the  instrument,  using 
field  data,  are  presently  being  carried  out  by  the  Marine  Dynamics  and  Ship  Laboratory. 

A  non-contacting  transducer  is  being  developed  to  measure  speed  and  displacement  of  ferro-magnetic  surfaces  by  correlating  two 
magnetic  noise  signals. 

An  instrumented  locomotive  wheelset  for  measuring  vertical  and  lateral  rail/wheel  forces  in  service  is  being  developed  for  Transport 
Canada  Research  and  Development  Centre.  Strain  gauging,  wiring,  and  calibration  of  the  vertical  and  lateral  force  bridges  on  each 
wheel  have  been  completed.  Spin  tests  and  check  out  of  the  telemetry  is  under  way. 

A  commercial  desktop  calculator-computer  with  CRT  display,  high  speed  printer,  and  plotter  have  been  added  to  our  fast  fourier 
transform  set  up  to  further  enhance  our  data  processing  capabilities. 


TECHNICAL  PHOTOGRAPHY 

Besides  services  to  the  Mechanical  Engineering  Division  Laboratories,  assistance  was  given  to  the  National  Aeronautical 
Establishment’s  research  section  using  stills  and  high  speed  movies. 


IiJJi.ilIl-® 


UNLOADING  OF  THE  LRC  CAR  PRIOR  TO  THE  SOUEEZE  TEST 


LRC  CAR  DURING  SQUEEZE  TEST  IN  BLDG.  U-90 


A  DATA  ACQUISITION  SYSTEM  WAS  USED  TO  RECORD  STRAIN  IN  OVER  100  STRATEGIC  POINTS 

ON  THE  ALUMINUM  CAR  BODY 


RAILWAY  LABORATORY 


DIVISION  OF  MECHANICAL  ENGINEERING 
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STRUCTURES  AND  MATERIALS  LABORATORY 


MOTOR  VEHICLE  SAFETY 

In  collaboration  with  the  Road  and  Motor  Vehicle  Traffic  Safety  Branch  of  Transport  Canada  the  second  phase  of  the  studies 
evaluating  headlamp  performance  is  underway.  Attention  is  focussed  on  the  determination  of  population  characteristics  of 
headlamps  presently  in  use.  Mean  illuminance  and  glare  quandrant  values  together  with  data  describing  the  influence  of  dirt, 
aim  and  voltage  for  a  large  sample  of  vehicles  arc  being  analyzed  within  the  previously  defined  system’s  concept. 


VIDEO  PHOTOGRAMMETRY  SYSTEM  FOR  REAL  TIME  THREE-DIMENSIONAL  CONTROL 

Potential  applications  for  an  NRC/NAE  30  Hz  Video  Photogrammetry  System  developed  for  three-dimensional  machine  control 
tasks  are  being  examined.  The  system  is  based  on  the  principle  that  knowledge  of  the  centroid  data  for  four  targets  on  a  rigid 
body  permits  the  single  camera  photogrammetric  solution  to  be  solved  for  each  video  frame  to  determine  the  position  and 
orientation  of  the  body,  in  teal  time,  for  three-dimensional  machine  control.  Initial  applications  will  focus  on  remote  manipulator 
systems. 


METALLIC  MATERIALS 

Structure-property  relationships  in  aerospace  alloys,  including  cast  or  wrought  nickel  and  cobalt-base  superalloys,  high  strength 
titanium  and  aluminum  alloys.  Studies  on  the  consolidation  and  TMT  processing  of  titanium  and  superalloy  compacts  by  hot 
isostatic  pressing,  isothermal  and  superplastic  forging,  and  extrusion.  Studies  on  the  mechanical  properties  of  these  materials. 
The  mechanics  of  cold  isostatic  compaction  of  metal  powders,  and  properties  of  hydrostatically  extruded  materials.  Studies  of 
the  oxidation/hot  corrosion  behaviour  of  coated  and  uncoated  refractory  metals  and  superalloys. 


FRACTOGRAPHY  AND  FAILURE  ANALYSIS 

Utilization  of  transmission  and  scanning  electron  microscopes  in  the  study  of  fracture  surfaces,  leading  to  the  identification  of 
the  micromechanisms  of  fracture  involved  in  the  failure  of  structural  components.  From  such  information  it  is  frequently 
possible  to  determine  the  causes  of  failures  and  to  suggest  remedial  action. 


FATIGUE  OF  METALS 

Studies  of  the  basic  fatigue  characteristics  of  materials  under  constant  and  variable  amplitude  loading;  fatigue  tests  on  components 
to  obtain  basic  design  data;  fatigue  tests  on  components  for  validation  of  design:  studies  of  the  statistics  of  fatigue  failures; 
development  of  techniques  to  simulate  service  fatigue  loading. 


OPERATIONAL  LOADS  AND  LIFE  OF  AIRCRAFT  STRUCTURES 

Instrumentation  of  aircraft  for  the  measurement  of  flight  loads  and  accelerations;  fatigue  life  monitoring  and  analysis  of  load  and 
acceleration  spectra;  full-scale  fatigue  testing  of  airframes  and  components.  Non-destructive  testing  and  damage  tolerance  evaluation. 


THEORY  OF  STRUCTURES 

Studies  of  the  application  of  finite  element  methods  to  structural  problems.  Assessment  of  commercially  available  computer 
programs  for  structural  analysis.  Calculation  of  stress-intensity  factors  for  cracked  three-dimensional  bodies.  Damage  tolerance 
analysis. 


AEROACOUSTICS 

Studies  of  aerospace-related  acoustical  problems  with  special  reference  to  intense  noise  and  its  effect  on  structures.  Evaluation  of 
aerospace  hardware  in  intense  noise.  Studies  of  jet  exhaust  noise,  wind-tunnel  noise,  techniques  for  digital  signal  processing, 
enhancement  of  signals  obscured  by  noise. 

FLIGHT  IMPACT  SIMULATOR 

Simulator  developed  and  calibrated  to  capability  of  accelerating  a  4-lb.  mass  to  a  velocity  of  1000  ft. /sec.,  and  an  8-lb.  mass  to  a 
velocity  of  760  ft./sec.  Availabk  to  Canadian  and  Foreign  manufacturers  for  certification  of  aircraft  components  and  structures. 
Also  used  for  fundamental  studies  of  the  impact  process  and  evaluation  of  transparencies. 


i 


CALIBRATION  OF  FORCE  AND  VIBRATION  MEASURING  DEVICES 


Facilities  available  for  the  calibration  of  government,  university,  and  industrial  equipment  include  deadweight  force  standards 
up  to  100,000  lb.,  dynamic  calibration  of  vibration  pick-ups  in  the  frequency  range  10  Hz  to  2000  Hz. 


NON-METALLIC  COMPOSITE  MATERIALS 

Studies  of  non-metallic  composites  including  resins,  cross-linking  compounds,  polymerization  initiators,  selection  of  matrices  and 
reinforcements,  application  and  fabrication  procedures,  material  properties,  and  structural  design. 


POLICE  EQUIPMENT  STANDARDS 

The  NRC/CACP  Technical  Liaison  Committee  on  Police  Equipment  is  a  bilateral  arrangement  for  bringing  together  police  and 
government  personnel  to  review  police  equipment  requirements,  equipment  perforntance  specifications,  and  conformance  testing 
procedures.  Work  of  the  Committee  is  expedited  by  a  permanent  Secretariat  which  has  a  primary  responsibility  for  continuity  in 
the  activities  of  a  number  of  Sections,  each  dealing  with  a  particular  area  of  expertise,  and  for  co-ordinating  work  and  specialist 
contributions  from  various  participating  Departments  and  organizations. 
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UNSTEAOY  AERODYNAMICS  LABORATORY 

DYNAMIC  STABILITY  OF  AIRCRAFT 

Measurement  of  direct,  cross  and  cross-coupling  stability  derivatives  due  to  roll  oscillation. 

Development  of  a  translational-oscillation  apparatus. 

Vertical  acceleration  experiments. 

Measurements  of  cross-coupling  derivatives  at  high  angles  of  attack. 

Development  of  hydraulic  drive  systems  for  high-load  oscillatory  apparatuses. 

Development  and  construction  of  new,  fuUy-digital  instrumentation  system  for  dynamic  experiments. 

ATMOSPHERIC  DISTRIBUTION  OF  POLLUTANTS 

Instrumentation  of  a  small  mobile  laboratory  to  measure  airborne  particulates  and  of  an  aircraft  to  detect  atmo^heric  tracers. 

Analysis  of  the  downwind  vertical  spread  and  turbulent  depositioti  of  gaseous  and  aerosol  pollutants  from  sources  near  the  ground, 
with  special  emphasis  on  the  effect  of  droplet  evaporation. 

Determination  of  long-distance  drift  of  tracer  chemical  from  a  discrete  spray,  in  New  Brunswick. 

TRACE  VAPOUR  DETECTION 

Development  of  highly  sensitive  gas  chromatographic  techniques  for  detection  of  trace  quantities  of  vapours  of  pesticides, 
explosives  and  fluorocarbons. 

Sensitivity  evaluation  of  commercially  available  explosive  detectors. 

Development  of  stopped-flow  and  continuous-flow  vapour  concentrators. 

Testing  of  biosensors. 

Development  and  construction  of  a  portable  explosives  vapour  detector. 

WORK  FOR  OUTSIDE  ORGANIZATIONS 

Damping  and  cross-coupling  experiments  for  NASA. 

Feasibility  and  design  studies  for  NASA. 

Aircraft-security  feasiblity  studies  and  development  projects  for  Transport  Canada. 

Feasibility  studies  for  DSMA,  Toronto. 

Experimental  assistance  to  RCMP. 

Field  experiments  in  New  Brunswick  for  Forest  Protection  Ltd.,  Fredericton. 
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WESTERN  LABORATORY  (VANCOUVER) 


PRAOK'Al  FRUTION  AND  WKAR  STl'DIFS 

Ijl’oiatoiy  Miiiul;ilion%  of  ptacticul  (tiboUmical  «y  stem*  to  study  Itiitioii,  weai  and  lubiiialioii  tmliaviour  of  lultiiianis  and  Iwaiiny. 
niatetkils  in  tcs|'i>nse  its  spev'iiie  external  resjuests.  l  or  example,  sltitlies  ol  inetlianol  lubiieity  and  wear  tn  luel  putnp  pears  witli 
iiielhatiol  as  the  workiiip  lluid  are  in  progress. 


KUNDAMI-NTAL  m'lMFS  IN  TRIBOKMIV 

A  speetal  rollinp  eontaet  apparatus  is  hemp  built  that  will  allow  experimental  studies  of  rail  and  wheel  wear,  and  hibi nation  to  Iw 
made  in  the  laboratory. 


tUBRK'ANTS 

Meehaitieal  testmp  of  both  solid  and  Inpiid  lubrieants  ha*  been  earried  out  at  the  leiiuest  ol  local  industry  and  utility  organi/ations. 


In  eo-opetation  with  1  .1  I  l  aboratory  a  propram  has  been  initialed  to  moiiilor.  by  ferropraphie  methods,  weai  debris  aeeumulated 
in  used  aiitoiiioliee  enpirie  oils.  Iliis  is  part  of  an  !■  nvironinent  I’anada  project  to  assess  the  efficacy  of  re-refined  oils  for  automotive 
use. 

bi-;arini:s 

The  laboratory  study  of  the  wick  lubttcation  sysleiii  of  locotnofive  traction  motor  Ivarinp,*  is  lonliiiiiinp. 


INSTRUMENTATION 

Work  is  coniittuiiip  on  the  instriimenlation  and  control  system  for  the  rail-wheel  wear  test  rip  now  neariiip  completion. 

An  analopuc/dipital  divider  circuit  has  In'en  desipned  and  built  to  compute  triclion  coellicients  lor  the  “I'in-on-tlisc  wear  tester  In 
the  tribolopy  laboratory. 

A  coinputcri/.ed  optical  density  measurinp  system  for  use  as  a  microscope  attachment  for  assessinp  relative  wear  particle  concen¬ 
trations  in  lubricants  has  been  desipned.  built  and  installed  in  the  tribolopy  laboratory. 


NUMERK  ALl-Y  f  ONTROl.l.EU  MAOIININO 

Cechnical  assistance  on  this  subject  is  beinp  provided  to  firms  and  other  insliliilions  In  Western  Canada  which  ate  considerinp  the 
purchase  of  numerically  controlled  machines  to  improve  their  priHliietion  efficiency.  Seminars  ate  held  to  explain  the  Itindamenlals 
of  numerical  control  and  proptamminp. 


liw  is  beinp  made  of  computer-assisted  propramiitinp  and  punched-tape  preparation  a*  a  means  ol  rrdiicinp  manual  proptamminp 
lime  for  items  requitinp  a  larpe  number  of  peomeftical  slaiemenls.  Seminars  are  held  to  denionsltate  the  principles  and  lealtires 
of  this  mcthiHl  of  NC  part  proptamminp.  This  technii|uc  is  beinp  used  to  assist  new  users  of  NC  equipment  to  pel  their  equipment 
quickly  into  production. 

A  preliminary  desipn  and  feasibility  study  has  been  completes!  of  an  Nf'  machine  tsr  cut  the  wsioden  plups  lor  the  manutaclure  ol 
moulds  for  fihteplass  boats  up  to  8tl  ft.  long.  Also  the  design  of  a  low  eosi  NC  machine  for  the  wood  cabinet  making  industry  Is 
being  examined. 


APPRUPRIATE  TECHNOLOtIV 

The  laboratory  Iras  rei'ently  been  monitoring  the  progress  of  this  new  teehnsriogis'al  movimienl  tsiwards  smaller  ss'ale,  environmentally 
and  ssH-ially  appropriate  deeenftali/ed  Industrial  development.  The  laboratory  has  been  examining  the  technical  aspects  of  a  numliei 
of  possible  small  scale  proces-ses.  e.g,  paper  culling  equipment,  and  weUxmied  other  proposals  for  co-tq'etalive  projects  in  this  area. 


tow  TEMPE:RATURE  TEST  FACILITY 

The  low  temperature  (-45°0  lest  chamber  has  been  used  by  a  manufaelurer  of  cable  TV  equipment  lo  lest  line  ampllllers  at 
low  lemperaturea. 
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PUBLICATIONS 


Nilhmil  Aeion»utic»l  trtiMiihincm 


I  R  S'>7 


I  R  5'>8 


UtVORt  TK  Al  ANAl  YSISOI  lUI  TRANSIINT  Rl  SKINSI  TO  NON  STATION  ARY  lUU  1 1  TS  lOAOS. 
l.cf.  B.ll.K..  Natioiul  Afionautical  Tsublistimcnl,  April  l'>79. 

A  mclhoJ  for  ptediciinR  the  te*pon»e  of  a  winR  to  non-Mationary  buffet  loads  is  pte^nted.  The  wmy  is  *»  « 

beanv  with  knosen  mass  distiibution.  Using  generalized  ervordiiiates.  the  vibration  ol  the  f  “  i, 

mass-spring  danipei  oseillator  es|uation.  The  buffet  load  on  the  wing  is  expressed  as  an  integral  ol  ths  • 

!  fu  ,  ion  of  tiu  snanwiss-  hnalion  and  time.  Ilie  non-stationary  load  is  represented  as  the  prs«iuet  of  a  deterniinis  K  line 
funs  non  multiplied  by  a  stall, tieally  stationary  random  function.  Hie  time  history  ol  the 

..Iiniber  .if  lime  intervals  .\nalylical  expressions  for  the  mean  square  response  ol  the  wing  displasement  are  g 

:;lt.ri  slsm^y  h.r  the  'alidom  par.  of  the  applied  load,  similar  to  that  used  in  the  theory  of 
effects  Ilf  damping,  ratio  of  the  undamped  natural  frequency  of  the  system  to  the  hall  power  Irequsmy  o  t  p*  P 
density,  length  of  time  segment,  and  duration  of  appimd  load  on  the  response  of  the  wing  have  been  inves.uia.ed  tor 
c\diiip!c<  ot  the  Uuii  versus  tiiiu*  histories. 

A  PI  RIURHAIION  MU  ORY  Ol  mVlMMI-NSIONAL  TRANSONK'  WINU  RINNl  I  WAIT  INTI  Rl  I  RI  Nt  I  . 

Uhan.  Y.Y..  National  Aeronautical  Tstablishment.  April  1979. 

Ore  wand  tunnel  wall  interference  in  transonic  speed  is  formulated  as  a  pertii.balion  to  the  wdh  vlrtllire 

free  air.  Ihe  per.urtu.ion  equation  is  derived  from  the  transonic  small  disturbance  equation  and  is  ima  ^  ^ 
coeflVien.s  containing  the  non-linear  solution  of  the  basic  How.  The  equation  is  solved  numerically  by  “ 
method  using  the  classical  boundary  condition  for  a  porous  wall.  lUe  solution  in  terms  of  lilt  versus  angle  ol  atlas  agr 
well  with  that  calculated  directly  from  the  small  disturbance  equation. 
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OVT  Rl  ANIf  ANI7  AMPHIBIOUS  ACV  Dl  SU'.N  OAT  A  RIT  ATINU.  IT)  PI  Rl  ORMANt  I  . 


I  owTer,  II. S.,  Division  of  Mechanical  I'ngineering,  April  1979. 


This  handbook  of  data  endeavours  to  collect  and  present  in  practical  form  such  design  data  relating  to  performance  a,  are 
currently  publicly  available. 


The  art  is  at  present  in  an  early  stage  of  its  devehspmenl.  and  many  of  the  data  given  ate 
around  by  ill-slefined  besundaty  conditions. 


tentative  or  incomplete,  and  are  hedged 


We  shall  attempt  to  keep  up  with  the  evet-shifling  f.onliets  of  ignorance  by  issuing  amendments  to 
proceed,. 


this  handbook  as  exploration 


f  inally  one  must  remember  that  he  who  lives  strictly  by  Ihe  rules,  stagnates, 
and  then  living  dangerously  beyond  them. 


l•togte,s  is  attained  only  by  knowing  the  rules. 
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ON  nil  I IIT-AIR  Rl  yUlRI  Mf  NT  Of  AIR  CUSHION  Vf  HICl  f  S  AND  ITS  Rf  lATlON  TO  Till  Tf  RRAIN 
and  opt RATIONAl  MODf . 

f  owler.  H.S.,  Division  of  Mechanical  f  ngineering.  May  1979. 

Ihe  optimi/alion  of  installed  power  in  a  low-speed  overland  ACV  is  shown  to  expend  hearty  on  the  minimization  of 
skiTl/terrain  interaction  drag,  which  is  in  turn  shown  to  depend  criticaHy  upon  lift-alr  supply. 

The  influence  of  hove, height,  terrain  roughness  and  porosity.  vegetaHon  and  vehmie  on  dr.p  u! 

Ita  from  the  CASPAR  vehicles.  An  analysis  is  proposed  by  which  the  dal.  can  be  reduced  to  gtve  a  l.fl  airflow  applu.bie 
any  vehicle  having  a  segmented  skirt,  operating  over  a  range  ol  specifiesl  terrains. 

Tentative  values  for  these  flow  coefficicnls.  together  with  associated  drag  coeflicient,.  are  given. 
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LTR-IR-<>9 


LTR  rR-70 


LrR-KR-72 


LTR-LA-228 


LTR-LA-229 


LTR- LA- 230 


LTR-UA-47 


LTR-lIA-48 


LTR-UA49 


LTR'CS-t99 


LTR-CS-20t 


UTR-HY-65 


LABORATORY  TECHNICAL  REPORTS 
NdkMial  Aen>n»ull»-'»l  ErtiblWimcnl 


Le»ch,  B.W. 

Automatic  Aeioniagnetk-  CompcnMtion. 

Match  1979, 

MacPhetton,  J.l. 

A  ('umulus  Ooud  Seeding  Experiment  fo,  I  o,e,t  1  ire  Control  -  N  AE  Participation  and  Remits  fo,  1 978. 

April  1979. 

Drummond,  A.M. 

A  Comparative  AsseHmcnl  of  BacUlu.  Thutingienus  1  otmulaiions  for  the  N  Al  I  lying  Spot  Scanner. 

AprU  1979. 

Irwin.  II.P.A.H..  Wardlaw,  R.L..  Wood,  K.N.,  Bateman.  K.W, 

A  Wind  Tunnel  Invcjtigalion  of  the  Montreal  Olympic  Stadium  Riwl. 

June  1979, 

Savage.  M.C...  Muir.  D..  Irwin,  II.P.A.H..  Wardlaw.  R.L. 

A  Wind  Tunnel  Investigation  of  Wind  Velocities  in  Ait  Terminal  Doorways. 

January  1979. 

Wk'krns,  R.H. 

A  Streamtube  Concept  for  Lift:  With  Referenc-e  to  the  Maximum  Si/e  and  Configuration  of  Aerial  Spray  Emissions. 
Eebruary  1979. 

Oabbe.  R.S. 

A  (iradient-Transfer  Model  for  the  Long  Range  Drift  and  Deposition  of  an  Aerosol  Cloud. 

January  1979. 

Orllk-Ruckemann,  K..  Hanff.  E.,  Anstey.C..  Kapoor.  K. 

Eeasibility  Study  of  Dynwnlc  Calibrator,  for  Dynamic  Stability  Testing  in  Two  lairge  Wind  Tunnels. 

Match  1979. 

Krzymien,  M. 

Determination  of  Eenitrothion  Concentration  in  Ambient  Ait. 

AptU  1979. 


DhrUlon  at  Mechanical  Engineering 


Phan,  C.S. 

Generation  of  Random  Simples  Using  Non-Paramettte  Methods. 
March  1979. 


Buck,  Leslie 

Tlie  Role  of  Proprioception  in  Locating  Targets. 

June  1979. 

Eunke,  E.R.,  Mansard,  E.P.D. 

SPLSH  -  A  Program  for  the  Synlhesit  of  Episodic  Waves. 
AprU  1979. 
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LABORATORY  TECHNICAL  REPORTS  (Coni'd) 
DIviilofi  of  Mechuiiral  EngiitMiing  (Cont’d) 


L  TR  HY-70A  Piittc,  B.l)..  WiUii,  D.ll. 


Pointc  Sipin  Model  Study. 

M»y  1979. 

LTR-HY-70B  Pi«tte.  B.l).,  Willis.  D.ll 

Poinie  Sapin  Model  Study  -  Summary. 

May  1979. 

LTR-LT-9.)  Coveney,  D.B. 

The  O'clone  Switch  Heater  for  Railway  Track  Switches.  Part  II.  Prototype  Performance  Evaluation. 
January  1979. 

LTR-LT-95  Timco,  ('..W. 

A  Chemical  Survey  to  Determine  Potential  Dopants  for  a  Minlel  Ice  1'esl  Basin. 

January  1 979. 

l  l  R-LT-97  Timco,  G.W. 


Impact  Strength  Tests  on  Ottawa  River  Ice. 
April  1979. 

LTR-LT-98  StaUabrass,  J.R. 


Icing  of  I'ishing  Vessels:  An  Analysis  of  Reports  from  Canadian  Fast  Coast  Waters. 
June  1979. 


LTR-SH-244  Murdey,  D.C. 

Construction  of  a  Plug  for  Manufacture  of  Alhacore  Class  Sailing  Dinghies. 
March  1979. 

LTR-SH-256  Seguin.  Y.P. 

Hardware  Inferface  for  Ship  Model  Milling  Machine  to  PDP  1 1/60  Computer. 
AprU  1979. 


MISCELLANEOUS  PAPERS 


Buck,  1  esiie  -p,e  Sensory  Basis  of  Target  Location.  Quarterly  Journal  of  Experimental  Psychology  1 979,  .11 ,  pp.  1 1 1  - 1 20. 

Otan,  Y.Y.  Boundary  layer  Developments  on  the  Sidewalls  of  the  NAE  2-D  Test  E'acilily.  Presented  at  the  5lsi  Semi-Annual 

Meeting  of  the  Supersonic  Tunnel  As-sociation,  Lockheed-California  Company,  Rye  Canyon  Research  laboratories,  Burbank, 
California.  April  I (VII.  1979. 

Drummond,  A.M.  Experiments  on  Vortex  Motion  and  Spray  Deposition.  Presented  at  Symposium  on  long  Distance  Drift. 

U.  of  N.B.,  E'rederk'ton,  N.B.,  I'ebruary  1 2-14.  1979.  Published  in  Proceedings. 

Dukkipati,  R.V.,  Osman,  M.O.M.,  Sankar,  S.  Application  of  Gyroscope  in  Contour  Tracking.  Presented  at  the  Seventh 

Canadian  Congress  of  Applied  Mechanics,  Sherbrooke.  Vol.  I,  May  27-Jtine  I,  1979,  pp,  42.1-424.  Published  in  Pnveedittgs. 

Hanff,  E.S.  An  Advanced  Calibrator  for  Dynamic  Wind-T)innel  Experiments.  Presented  at  the  ISA  25th  Intenutional  Instrumen¬ 
tation  Symposium,  Anaheim,  California.  May  7-10,  1979.  Proceedings  pp.  2.19-244. 

Hawthorne,  ll.M.  Surface  Wear  Characteristics  of  Some  Hard  Carbons.  Presented  at  the  2nd  International  Conference  on  Wear 
of  Materials  (ASME),  Dearborn.  April  16-18,  1979.  Proceedings  pp.  S28-5.’IS. 
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MlikM  I  4NI'(H  ji  rmiLS 


Irwin,  II  P.A.Il.  (Vniif  «t  Kxulion  III!  IxiuonjI  \  il<(4ii.in  xl  Hiitl|ir«  Jxuiiul  xl  liidukiiul  AriinU  njiiiu  t  Vxl  4  Nx  ’ 

April  pp,  1  M  l  1’  •  — 

Irwin,  II.H.A.II.,  t'oxpi-i,  K.R.  ('xtiriiixn  xt  lliiixilixn  in  I  lut'lujlmt;  Picuuir  Mrjwirinrnli.  Puk  7|h  Cjiiuilun  (  xnpifu  xl 

Appiml  Mcchdnk't,  Shcil'ixxkr,  Ouelwi',  Mj)  27  Junr  I.  I')7'>. 

Irwin,  II.P.A.II.,  Mardbw,  R.l ,  A  Wind  lunnri  Invcttipatixn  xf  Ihr  Wind  I  xucs  xn  a  Rriiactahlt'  I  ahiii-  Rxxl  Ixt  ihf  Mxiiitxal 

tRynipic  Stadium.  PrxxccdinKi  xl  the  l  anadun  Sxiifi)  Ixr  Civil  I  i.,  moors,  l•»7‘»  t  xnlotoiuo.  Mxniioal.  cWlwi  .  Juno  7  8.  l>r7>J 

Keko/,  M.M..  Uu,  J.ll.,  l  xu|{hood,  ti.H.,  Savio,  P.  Miorx-Pailiolo  Aoooloralixn  Hohind  Cxnt oritinp  SIukI  Wavos.  l'»7*»  II  I  I 

Intornatixnal  Cxntoronoo  xn  Plasma  Soionoo,  Mxniroal,  Quoboo,  4-<)  Juno  l'J7'J,  p.  111’. 

Koko/,  M.M.,  Savio.  P.  Havo  Wo  Roaohod  Iho  1  imit  lx  Pxwor  I  lansinissixn.  l'»7>»  II  I  I  Iniotnalixnal  Cxnloionoo  xn  Plasma 

Sownoc.  Mxniroal.  I'uil’Oi.  4-8  Juno  I ‘>7*),  p.  87. 

Lanovillo.  A.,  W  illiams.  C.l».  Sui  I’l  llol  do  I’l  ohollo  do  la  luihuloiuo  sui  la  Irainoo  dos  Ixrps  Nxn-Prxiilos.  Prxo.  7ih  Canadun 

Cxnptoss  xf  Appliod  Moohank's,  Shoihixxko.  C'uoIhv,  Mas  77-Juno  1 .  1  *»7U. 

Makxniaski,  A  ll.,  Koko/.  M.M.  Roam  Ro^l  nir>  mix  a  I  asor-Croalod  Plasma  J  l‘li>s.  I>  Appl.  Phys  ,  Vxl  17.  I')7<J. 

Muidoy,  n.t .  Fvpoiunontal  Icohnkiuos  Ixi  tho  Piodiotixn  xf  Ship  Soakooping  Poilximanoo.  Inioriialixiul  Symp.isium  tin 

Advanoos  in  Marino  lochnxlxgv,  Irxndhoim.  Nxrss-ay,  Juno  I  .J  15,  1<>7‘».  Puhlishod  in  Pixooodings,  \'xl.  I 

(Jhinan,  1.11.  An  Invostigalixn  xf  Pxssihlo  lompooaluio  1  ffoots  xn  Moasuromonis  in  Iho  N  Al  71>  lost  1  aoiliiy.  Piosoniod  at  tho 

5 1  SI  Somi- Annual  Mooting  i>f  tho  Su|wrs.>nk'  l^innol  Assxoialixn,  I  xokhood-Califxrnu  I'xmpans ,  Rs  o  Cansxn  Rosoaroh 
Lahxratxrios,  Hurbank,  Califxinu,  .April  lll-l  I,  1474. 

Panarolla,  K.,  C.upla,  R.P.  Sphorkal  Pinohing  in  Iho  Rl  XIMPIO  Pxpoiimonl.  1474  ll  1  |  Iniotnalixnal  Cxnforoiioo  xn  PUsina 

.Siionoo,  Mxniroal,  Quoboo,  4-8  Juno  1474.  p.  loj. 

Pk'Og,  J.  l)n  Iho  Mxdolling  xf  (\«slal  Slruoluros.  Prxs-codings  xf  iho  CSCI  Rogixnal  Cxnloronsf  xn  Cxasial  1  nginoonng,  Kingsixn 

ITnlaiix,  April  70-71,  1474. 

Plisog,  J.  C)n  Iho  IH-sign  of  largo  Riibblo  Mxund  Rtoakwatots.  I’txooodings  xf  tho  Annual  CSCI  Cxnforoiu-o.  Mxniis-al  Ouoboo 

Juno  8-4,  1474. 


Pralle,  B.l>.  Rovioss  xl  I  Ixss  Rosislanoo  xf  Cxnsxlidalod  Snumlh  and  Rough  Ico  Covors.  Ihoivodings  of  Canadian  lls  dtxiogs 

Symposium:  74  Cold  Clinialo  Hydrology,  Vanoxuvor,  B.C.,  May  4-1 1,  1474. 

Sacks,  M.P.,  lake,  R.T„  Ciwpot,  K.R.  IVsign  of  funod  Mass  Dampots  for  Iho  laPtado  Heavy  Water  Plant.  Pixivs-dmgs  xf  Iho 

Carudian  Sxcioly  for  Civil  Knginoots  Conforom-o,  Montreal,  yuo'boc,  June  7-8,  1474. 

Sirignot,  P.l.  Ness  ASl'M  Conimiltoo  IV7  IVchnwal  Hisisixn  Pon  RocyclsM  Poltxloiiin  Ihxducisand  lubiicanis.  Ptsicoodings 

ol  Iho  Jtd  Inlornalixnal  Cxnfotoni'o  on  Wasio  Oil  Ros'xvory  and  Ro-uso,  18-18  IX'lxbot  1478. 

Sirignor,  P.L.  ,  MacLeod,  If.M.*,  I>unn,  T.R.**.  Shopp,  I  P.***  Prxpotlios  xf  I'SSR.  I'S.A  and  Camidian  RR  Cat  Journal  Box 

Oils.  ASLL  Ptoprini  74-AM-8l'-7,  .J4lh  .Annual  Mooting,  Si.  Ixuis,  .Apt.  .f(>-May  .1.  1474. 

Van  Dtunon.  C..»**»,  Uburdi,  J.****,  Wallace,  W.,  forada,  I,  Hxl  Isoslatic  Processing  xf  lN-7.f8  lurbino  Blades.  Prownlod 

al  Iho  47lh  Mooting  of  tho  ACiARO  Strucluri's  A  Materials  Panel  hold  in  I'lotons’o,  Italy  on  78-78  Sopiombor  1478.  Publislis'd 
ACiARI)  Conforoneo  Proceedings  No.  758,  Advanced  I'abricatixn  Ptocossov 


Willums,  1 .1),,  Founisson,  II. W ..  Irwin,  H.P.A.H.  I  kins  Halo  Bridge  —  W'ind  Moasuromonis  and  W  ind  Funnel  Insostigatk’ns. 

Proceedings  7ih  Canadian  Congress  of  Applied  Mechanks,  ShotbtiHike,  Quebec.  May  77-June  1.  1474. 

Williams,  C.D.  The  Stability  of  1'tiangular  Roadside  Warning  IVvk-es  Wind  lAinnol  and  Roadside  Fosis.  Ptssivedings  7ih 

Canadian  Congress  of  Applied  Meehanics,  SherhriHske,  Quolsec,  May  77-June  1 .  1 474. 


*  Imperial  Oil 

••  CN  Rail 

•••  CP  Rad 

Turbine  A  (.lenetalor  Div.,  Westinghouae  Chnada.  Hamilton,  Ontark’ 
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UNPl'BLISHED  PATERS 


IHywn,  C.  rh<  EffectiveneM  of  WK-k-l  cd  llam  Hrarmgi  in  locomotivet.  Auocidc  ('ommiticc  on  Tribolofiy  (ACOT)  -  CSME 

Tribology  Seminar,  Annual  (iencral  MrciuiK.  ('SMT.  Univertily  of  Sherbrooke.  31  May  1979. 

Dukkipali,  R.V.  A  Procedure  for  Axial  Blade  Slrew  Optimuation.  Seminar  preiented  at  the  Department  of  Mechanical  and 
Aeronautical  Knginecruift.  t'arleion  I'nn'eruty,  Ottawa.  10  May  1979. 

kalousek,  J.,  (ihonem,  H.  The  Wear  of  RaiU  and  Wheeli.  Anociate  Committee  on  Tribology  (ACOT)  -  SCME  Tribology 

Seminar,  Annual  Ceneral  Meeting  of  the  CSMT.  I'nivetiity  of  Sherbrooke,  31  May  1979. 

KapcHir.  K.,  Ilanff,  E..  Moulton,  E.  A  New  Apparatus  for  OK'iUat ion-in- Roll  Experiments.  Presented  by  C.  Anstey  at  the  SIst 

Meeting  of  the  Supersonic  Tunnel  Asstviaiion.  Valencia.  California,  April  10-11,  1979. 

Schmitke.  R.T.*,  filen,  I.E.**,  Murdey,  D.C.  Development  of  a  Erigate  Hull  Form  for  Superior  Seakeepitig.  Presented  to  the 

Society  of  Naval  Architects  and  Matme  Engineers.  Eastern  ('anadian  Section,  Montreal.  (Jue'bec.  April  17,  1979. 


PATENT 


Hayes,  W.E..  Tanney,  J.W.,  Tucket.  H.Ci.  Apparatus  for  Obtaining  a  Predetermined  ITow  Rate  of  a  E'IukI.  British  Patent  1,542,681, 
Eebtuao  19,  1976***. 


*  Defence  Research  Establishment  Atlantic,  Dartmouth,  N.S. 

**  Directorate  of  Maritime  Engineering  and  Maintenance,  NDHQ,  Ottawa. 

•••  Not  previously  reported  -  this  patent  has  just  issued  but  the  British  Patent  OITtce  uses  the  date  of  fUlng  rather  than  the  date  of 
granting. 


